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Neighbourhood schools are generally situated in the heartland of Housing 
Development Board estates. As the majority of dwellers in Singapore live in these 
estates, unless a child does exceptionally well for the Primary School Leaving 
Examinations, the majority of Primary school leavers invariably end up in one of 
these neighbourhood Secondary schools. Even in neighbourhood schools, results are 
very much emphasized and the level of stress is high. 
When I started this study in 2010, I was aghast to see how our drive to excel seemed 
to be getting out of hand - my students were being pressurised to excel in all aspects; 
teachers and school leaders were stressed to maintain our high standards of 
achievements in all areas, while parents were stressed to ensure that their children 
could get into good schools. It was, and still is, not uncommon for parents to engage 
tuition for their children to provide extra help and students just seem to be 
overloaded. Our drive for success seemed to be robbing our children of something 
just as valuable - their childhood.  
Our Singapore education system has been hailed as one of the most successful 
systems. Many Asian countries visit Singapore to learn how they could set up similar 
schools in their countries. Our children are a very blessed lot and indeed we have a 
lot to be thankful for. But are our students enjoying learning? How can we produce 
truly successful students if students do not enjoy learning? 
In an attempt to answer these questions, a study was conducted in a middle-ranked 
neighbourhood school. 238 Secondary One students at school entry level and 274 
Secondary Four and Five graduating students at school leaving level participated in 
this study. They were asked to complete a Getting to Know You (GTKY) 
questionnaire to find out their attitudes and general views on school and workload, 
the What is Happening in this Classroom (WIHIC), Actual and Preferred versions, to 
help describe students’ perceptions of their Science environment, and the 
Questionnaire on Teacher Interaction (QTI), Student version, to find out about the 
student - Science teacher relationship. The results for the graduating school leavers 
were then compared to the Secondary One students at entry level, taking note to see 
if gender differences played a part in affecting the results. 
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Using statistical methods, the instruments were checked for internal consistency 
reliability and discriminant validity. The Attitudes Scales in the GTKY and all scales 
in the WIHIC and QTI met reliability and validity standards. 
Differences between the Secondary One students at entry level and Secondary Four 
and Five students at graduating level were analysed using ANOVA. Simple 
correlation and multiple regression analyses were performed to identify possible 
associations between the learning environment and attitude scales and between 
attitudes and achievement in Science. As the data collection was conducted in May, 
the mid-year examinations results were used as achievement scores. Qualitative data 
were collected from the GTKY questionnaire to corroborate the quantitative findings. 
Results of the data analyses showed a significant difference between grade levels for 
the Attitude to Computers scale for the Attitude instrument in the GTKY and for five 
scales on the QTI. No significant difference was obtained for both the WIHIC 
(Actual) and WIHIC (Preferred). 
Integrated findings revealed that students are happy in their current Science learning 
environments, with slightly better results obtained for the graduating students in the 
Secondary Four/Five level. When students were asked to elaborate why they liked 
Science, students at both levels wrote that they liked Science because it was fun and 
interesting, and that they liked learning new and useful knowledge. Students wrote 
that they liked Science because there were lots of experiments to do. Computer usage 
for lessons also made it to the list for both levels. 
These are positive indications that students are able to enjoy Science in a 
neighbourhood Secondary school in Singapore despite the results-oriented 
environment, showing that enjoying Science in a neighbourhood Secondary school in 
Singapore need not be an oxymoron.  
However, upon scrutiny, findings from the qualitative component revealed that only 
68.4% of Secondary One students and 68.9% of Secondary Four/Five students 
enjoyed Science. Although the current Science learning environments are favourable, 
the students could be happier. The qualitative component also revealed some 
pertinent areas of concern. Although around 70% of students find their school load 
manageable, a good 16% of students do not have free time even on weekends and at 
least 15% of students find their school load heavy.  
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Moreover, although the vast majority of students indicated that they liked school, we 
should not forget about the students who have indicated otherwise. Top on the list of 
reasons why these students disliked school for both levels was stress.  
Teachers can build strong teacher-student relationships to help students to cope with 
the stressful environment. In addition, teachers should refrain from holding any 
additional remedial lessons for students, especially on weekends. Meanwhile, school 
management can ensure that schooling hours are capped and kept to a healthy 
maximum. While there are many good initiatives and programmes that raise 
achievement scores, there should be a limit to these activities so that intangible costs 
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It is the quality of life lived out in classrooms 
that determines many of the things we hope for 
from education. -- Barry Fraser 
 
1.1 INTRODUCTION 
Singapore is an island city situated at the southern tip of the Malayan Peninsula. It 
has a land area of 714.3 km2 and a population of 5.31 million, of which 74.2 percent 
are Chinese, 13.3 percent are Malays, 9.2 percent are Indians, and 3.3 percent are of 
other races (MCI, 2013b). From a little-known dot on the map, Singapore has 
progressed to be one of the top international cities in the world (CNA, 2014a).  
In the area of Education, Singapore’s literacy rate in 2013 stood at 96.5 percent 
(MSF, 2014). Our education system is ranked second in the world in terms of quality, 
while performances by our students in PISA (2009) and TIMSS (2007) were 
impressive if not outstanding (MCI, 2013a). 
People have asked me how we managed to achieve all these wonderful results in 
education. My answer to them is always that they were achieved with sweat and tears, 
literally. 
When I started this study in 2010, I was aghast to see how our drive to excel seemed 
to be getting out of hand - my students were being pressurised to excel in both 
academic and non-academic areas, teachers and school leaders were stressed trying 
to maintain our high standards of achievements in all areas, and parents were stressed 
to ensure that their children could get into the best schools. It was, and still is, not 
uncommon for parents to engage additional tuition for their children to provide extra 
help; our students just seem to be overloaded. Our drive for success seemed to be 
robbing our children of something just as valuable - a carefree and enjoyable 
childhood.  
And I was in the middle of it all, experiencing first-hand the never-ending vicious 
cycle to maintain standards of excellence. It was then that I decided to do something 
about this, even in whatever limited way I could. If I embarked on a study that could 
help to describe objectively what was happening in classrooms that are achievement 
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-oriented, for the subject of Science because this is what I teach and in a 
neighbourhood school because this is where the majority of children go, then I would 
perhaps be able to see if our students were able to enjoy learning under such stressful 
conditions, at least for the subject of Science.  
However, many things have happened and many changes have been introduced over 
the past five years since I embarked on this study. For instance, over 22,000 
educators, students, parents, academics, representatives from community 
organisations, unions and members of the public took part in Our Singapore 
Conversation in 2013 to voice and provide feedback about our concerns, one of 
which was the issue of stress and examinations (MOE, 2013b). Ground-breaking 
moves to end the practice of naming the top Primary School Leaving Examinations 
(PSLE) scorer and of including the highest and lowest aggregate scores in results 
slips were made during the release of the 2013 PSLE results in an attempt to lessen 
our emphasis on academic results (ST, 2013).  
In the Work Plan Seminar held in 2013, our current Minister of Education, Mr Heng 
Swee Keat, promised to make education in Singapore more student-centric and 
holistic, and improve the quality of student experience in schools so that, at the end 
of ten years of basic education, we have citizens with character equipped with a 
broad and deep foundation for a learning journey long after graduation (MOE, 
2013a). Seeing all this happening in Singapore gave me hope. It was like seeing light 
at the end of a tunnel. I look forward to embrace the changes that promise to make 
our education system a more exciting and less stressful one. 
 
1.2 BACKGROUND OF THE STUDY 
Neighbourhood schools are generally situated in the heartland of Housing 
Development Board (HDB) estates as the majority of dwellers in Singapore live in 
HDB flats (also known as public flats). From SG Facts, more than 80 percent of the 
population live in public flats (MCI, 2013c). Unless a child does exceptionally well 
for the PSLE, the majority of Primary school leavers invariably end up in one of 
these neighbourhood Secondary schools. As neighbourhood schools are run by the 
Singapore government, they are also known as government schools. 
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The present Singapore educational system consists of at least ten years of basic 
education, comprising six years of Primary education and four years of Secondary 
education. Students start school at the age of six years and go through the PSLE at 
the end of Primary Six. Based on the PSLE results, students are streamed into two 
main categories in Secondary schools - the Normal Course and the Express Course, 
with the better-ability students going into the latter. The Normal Course is further 
divided into the Normal Technical (NT) and Normal Academic (NA) streams, again 
with the better-ability students going into the latter. 
At the end of Secondary Four, students from the Express streams would take the 
Singapore-Cambridge General Certificate of Education Ordinary Level (GCE 'O' 
Level) Examination while students from the Normal courses would take the GCE ‘N’ 
Level Examination. If students in the NA stream do well, they currently can continue 
their education with one more year in Secondary school and take the GCE ‘O’ Level 
Examination at the end of Secondary Five, proceed to the Polytechnic Institutes if 
they do even better, or go on to the Institute of Technical Education to learn a trade 
before they join the workforce. Secondary Four Express and Five NA students who 
do well in the GCE ‘O’ Level Examination can proceed to Post-secondary education 
in Polytechnics or Junior Colleges and then further to Tertiary education. 
Besides these three streams, a relatively smaller cohort of high-ability students would 
be able to enter schools with Integrated Programmes which offer direct routes to 
Tertiary education without having to go through the usual GCE ‘O’ Level 
Examinations. These students take the GCE ‘A’ level examinations or the like at the 
end of Year Six. Figure 1.1 shows an overview of the pathways available in 




Figure 1.1.  Overview of education pathways in Singapore. 
(From MOE Corporate Brochure Education in Singapore, 2014, p. 6) 
The diagonal and lateral arrows show the flexibility of the system to allow students 
to switch to a stream that is more suitable for their pace of learning from Secondary 
One to Secondary Three before taking a major national examination in Secondary 
Four. For example, late bloomers who do not do well in PSLE and enter a Secondary 
One NA stream are allowed the flexibility to switch to the Secondary Two Express 
stream if they do well when they are in Secondary One. On the other hand, students 
who find the pace of Express classes too fast for them are given the flexibility to 
switch to NA classes in the NA stream that offer a slower pace of education. For NA 
to NT, the switch is only available in Secondary One because the pace for NA stream 
is already slower. Although in theory, the differentiation of the different streams 
helps students to study at a pace suitable for them, in actual fact, there is a negative 
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impact on the self-esteem of many students who are directed into a NT or NA stream. 
In addition, separating the better-ability students from the lower-ability students 
tends to remove the opportunity for the lower-ability students to learn from the 
higher-ability students.  
Although it does not deal with the education of the ‘crème de la crème’, Secondary 
education in a neighbourhood school in Singapore is still very much achievement-
oriented. We are at the threshold of a new century. Our world is changing rapidly and 
Singapore is changing rapidly along with the world. Globalization is becoming 
increasingly prevalent and technology is shrinking our world, resulting in different if 
not greater demands on our educational system.  
To help our youth cope with the pressing demands of the 21st century, the Ministry 
of Education (MOE) has introduced the 21st Century Competencies initiative, on top 
of many other programmes, like the Community Involvement Programme (CIP), Co-
curricular Activities (CCA), Civics and Moral Education (CME), Pastoral Care and 
Career Guidance (PCCG), and National Education (NE) for Life Skills and Project 
Work (PW) for Knowledge Skills to help our young develop holistically. Figure 1.2 
shows an overview of the various programmes that are structured into a typical 












Figure 1.2.  School programmes in a typical secondary school. 
(Adapted from MOE Corporate Brochure Education in Singapore, 2013, p. 7). 
6 
 
In addition to the myriads of programmes, the Information and Communication 
Technology (ICT) Masterplans have played a crucial part in the success of our 
Singapore schools. All the teachers in all schools are equipped with a personal 
notebook computer and all classrooms are fitted with overhead projectors and other 
necessary peripherals, so that technology can be easily accessible anytime anywhere. 
ICT Masterplan Four is currently underway, and future plans are being made so that 
even more portable devices such as iPads could be used, with Wi-Fi being made 
available in many schools, making our classrooms truly classrooms without walls in 
the near future.  
The class size in a Singapore Secondary school is still typically large. It is not 
unusual for the class size in a Secondary school to be around 40 students and even 
beyond. Secondary Five NA classes can be smaller than the typical class size 
because of the flexibility of education routes available for the Secondary Five 
cohorts, allowing many students to leave and progress on these alternative pathways 
of education. Classes are still predominantly teacher-centred, although there is now 
more of an inclination to make them student-centric.  
Students enter Secondary One at approximately 13 years old. They now take many 
more subjects compared with when they were in Primary school. Subjects offered in 
Secondary schools comprise English, Mother Tongue, Mathematics, General Science, 
Geography, History, Social Studies, Literature, Design and Technology (D&T), Food 
and Consumer Education (FCE), Physical Education, Computer Applications (CPA) 
and Art and Music, with the level of difficulty and subjects offered pitched to the 
various levels of difficulty for the three different streams. For instance, NT students 
do not take Literature, Geography and History but they take CPA, which is not 
available to the other streams. In addition, some of the subjects are taken for only one 
semester. For example, if students take D&T in the first semester, then FCE would 
be taken in the second semester in place of D&T.  
For the teaching and learning of Science, Secondary One and Two students take 
General Science so that every citizen would have a basic knowledge in all three 
Sciences (i.e. Biology, Chemistry and Physics). In some Secondary schools, a 
modular approach is employed from Secondary One in which students learn the three 
Sciences separately and simultaneously with specialist Science teachers teaching 
them, like in upper Secondary classes. Lower Secondary levels are comprised of 
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Secondary One and Two levels while Upper Secondary levels are comprised of 
Secondary Three to Five levels. To mark this change, boys’ uniforms in many 
schools change from shorts for boys at the Lower Secondary levels to long pants for 
boys at the Upper Secondary levels. 
At the end of Secondary Two, all Secondary Two students are streamed again, but 
this time according to subject combinations. Secondary Two Express classes are 
allowed to select pure Science classes which can offer pure Biology, Chemistry and 
Physics, while other classes can offer Combined Science in its various combinations. 
For example, Science (Physics/Chemistry) is one of the most popular combinations 
for Science in the upper Secondary level. The NA classes are offered similar 
Combined Sciences while NT classes are allowed to choose Science as an elective in 
some schools (i.e. Science no longer is a compulsory subject). Because Biology as a 
subject is less popular, many students have Biology knowledge only up to Secondary 
Two level, unless they read beyond the syllabus of their own accord. 
Although practical work is a key component in the learning of Science, laboratory 
sessions are more frequent in Express classes, with priority given to graduating 
classes in preparation of the School-Based Science Practical Assessment (SPA) for 
the pure Science classes and GCE ‘O’ levels practical examinations for the combined 
Science classes. There is no equivalent School-Based Science Practical Assessment 
(SPA) nor GCE ‘N’ levels practical examinations for NA students. Because of this, 
some teachers give less emphasis to laboratory sessions in the NA classes until they 
reach Secondary Five to do their GCE ‘O’ levels. SPA is a national assessment of 
practical skills that is conducted over two years from Secondary Three to Four.  
Written assessment varies among subjects. In general, class tests and common tests 
are given in every school term to make up Continual Assessment (CA) 1 marks (for 
Terms 1 and 2) and CA 2 marks (for Terms 3 and 4) and mid-year and end-of-year 
examinations given at the end of every semester to make up Semestral Assessment 
(SA) 1 and SA 2 marks, respectively. The tests are normally used for both formative 
and summative assessments while the examinations are usually used as summative 
assessment. 
Education in Singapore is based on the foundation of meritocracy and equal 
opportunity. For the steaming at the end of Secondary Two for subjects-selection, 
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girls and boys have equal opportunities to enter the pure Science classes that offer all 
the three Sciences, namely, Biology, Physics and Chemistry. For lessons, both 
genders take D&T classes and FCE classes. And for Co-curricular Activities (CCA), 
clubs normally for boys are also available for girls. For instance, the National Cadet 
Corps for boys has an equivalent National Cadet Corps for girls; Scouts for boys has 
an equivalent Guides for girls. Unless very few students select the CCA, most 
schools would have equivalents available for both genders. For CCAs that do not 
have equivalents, many CCAs are co-educational, like Red Cross Youth and St. John 
Ambulance, and are open to both genders. However, although CCAs are open to both 
genders, there are CCAs that are still predominantly of one gender. For instance, 
Chinese Dance and Malay Dance are comprised of predominantly girls.  
 
1.3 PURPOSE AND SIGNIFICANCE OF THE STUDY 
In a preface to a book, Fraser (1986) stated that “it is the quality of life lived out in 
classrooms that determines many of the things we hope for from education”. 
As mentioned, a myriad of programmes have been developed for students in order 
prepare them for the increasing demands of the 21st Century. Theoretically, the 
many initiatives and programmes developed for students are valuable and logical 
moves. However, how do all these good intentions translate into reality as they take 
root in practice?  
During the year-end school staff meeting in 2013 and our first staff meeting at the 
beginning of this year 2014, our Principal announced that achievement would still be 
given emphasis. We were reminded that, although new initiatives and programmes 
were being introduced, our core responsibility was still to make sure our students did 
well in national examinations. So, it seems to be, despite the changes coming our 
way, bread and butter issues still precede them. It will probably take many more 
years before we can truly succeed in placing less emphasis on results. 
In the meanwhile, to make learning more authentic and less stressful for students, our 
school was one of the 12 pilot schools to run the ALP programme for Lower 
Secondary students. So, in a way, students could still enjoy Secondary school life 
while in the Lower Secondary levels before they prepare for national examinations at 
the Upper Secondary levels.  
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Learning environment research has steadily gained importance in education and 
much interest has been shown to this field of study. However, a search conducted in 
ERIC and ProQuest Central in May 2014 revealed that, out of 14,837 peer reviewed 
abstracts of scholarly journals on learning environments in education since 1968, 
only 16 (0.1%) were related to education in Singapore. So, despite more interest, 
research in this area is still lacking in Singapore. 
Also, because learning environment is an extremely dynamic and fluid field of study, 
and with new initiatives constantly being introduced by the Ministry of Education, 
our classroom environments are constantly changing too. Not only would this study 
add to local learning environment research, it would also provide more recent 
findings in this area.  
In addition, besides giving insight into the learning environments of a typical 
Singapore neighbourhood school, the findings from the study could give insights into 
other areas such as if gender differences still exist, what are the associations between 
attitudes, performance and Science teacher-student interpersonal relationships. Based 
on these findings, practical measures that teachers can take to improve classroom 
environments could be put forward. 
Although it is anticipated that these findings could then be generalized across 
subjects, because the school environment is the same regardless of subject, it is 
hoped that the findings would stimulate further research to encompass a broader 
range of subjects and more schools, which is important especially now if we aspire to 
make education more student-centric for our children. 
 
1.4 RATIONALE OF THE STUDY 
This study adds to the increasing list of investigations into learning environments in a 
secondary school setting in Singapore. However, this study is distinctive in that it 
focused on investigating the conditions within a neighbourhood Secondary school at 
two levels - the entry and exit levels. The entry level consists of students from 
Secondary One level entering the school while the exit level consists of Secondary 
Four and Five students graduating from the school. 
The learning environment of the classrooms was assessed using the What is 
Happening in this Classroom? (WIHIC) questionnaire’s Actual and Preferred 
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versions. Differences between the perceptions of actual and preferred environments 
would provide practical suggestions to improve classroom environments. 
Through the Getting to Know You (GTKY) questionnaire, both quantitative and 
qualitative data were collected from students. This questionnaire provides 
background information and the attitudes of students based on three scales from the 
Technology-Rich Outcomes-Focused Learning Environment Inventory (TROFLEI).  
In order to investigate teacher-students interpersonal relationships, the student 
version of the Questionnaire on Teacher Interaction (QTI) was used to obtain 
students’ perceptions of their teachers. 
Although the instruments used in this study have proven reliability and validity, the 
internal consistency reliability and discriminant validity of any instrument should be 
checked in the setting that it is used before any other results derived from the 
questionnaires can used with confidence. 
After determining that the instruments could be used with confidence, further data 
analyses were carried out. Results obtained from these instruments could show if 
there are significant differences between the two levels, if there were any gender 
differences, and associations of interest in this study.  
Quantitative data were used in conjunction with qualitative data derived from this 
study. This was done in the hope of obtaining a more complete understanding of the 
learning environments and students’ attitudes not just towards Science as a subject, 
but also towards school in general. Results from the qualitative aspect of the study 
also helped to confirm and triangulate results obtained from the quantitative aspect of 
this study. 
 
1.5 DELIMITATIONS OF THE STUDY 
Although I had wanted to find out if the learning environment in general in a typical 
neighbourhood secondary school was stressful to our students and if this had any 
negative consequences on students’ ability to enjoy what they were learning, this 
aspiration encompassed a spectrum that was too large to be conducted in this study. 
To help make this thesis feasible, a few delimitations were set. 
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First, the selection of schools was delimited. Although both the pilot study and the 
actual data collection were carried out in different secondary schools, both of the 
schools are neighbourhood schools. The school in which the pilot test was conducted 
is a better-ranked Secondary school located in a HDB estate in the north east of 
Singapore, while the school is a middle-ranked school located in a HDB estate in the 
south of Singapore. Only the middle-ranked Secondary school was involved in the 
actual data collection. 
Secondly, only one subject area, namely Science, was selected for the purpose of this 
study. However, even by delimitating this study to Science alone, challenges still 
abound as various fields of Science are offered in the upper Secondary level. 
Thirdly, to see if there were any differences by the end of Secondary education, 
graduating students leaving the school were compared with a different batch of 
Secondary One students who had just entered the school. A longitudinal study using 
the same batch of students was not possible because it would necessitate waiting for 
another three years for the Secondary One students to reach Secondary Four. 
Other delimitations of the study included the relatively small sample size that comes 
with the selection of only one school for the actual data collection. 274 graduating 
students at the exit level and 238 Secondary One students at the entering level 
consented to participate in this study. Of these, some participants stopped halfway 
through the data collection. 
Even though every effort was made to take care that background variables did not 
come into play in the study, nevertheless, some background variables could prevent 
generalizing some findings to a wider context (e.g. findings might not necessarily be 
transferable to the learning environments of other subjects).   
 
1.6 RESEARCH QUESTIONS 
The aim of this research was to develop an understanding of the learning 
environments in a neighbourhood secondary school, particularly in Science 
classrooms, and to see if these environments had any negative impact on students’ 
ability to enjoy the Science that they were learning.  
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To achieve the aims stated above, six sets of research questions were developed 
which then became the focus of study. These questions are listed as follows. 
Research Question 1: 
Are the instruments used, namely, the What is Happening in this Classroom (Actual 
and Preferred), the Questionnaire on Teacher Interaction (Student version) and the 
Attitude Scales in Getting to Know You, reliable and valid for studying Science 
learning environments in a Singapore Secondary school?  
The first research question was formed to establish internal consistency and 
discriminant validity in order to confirm that the questionnaires could be used with 
confidence in the current setting. 
Research Question 2: 
a. What are students’ perceptions of the actual Science learning environment in a 
neighbourhood Secondary school? 
b. What are students’ preferred Science learning environments in a neighbourhood 
Secondary school? 
c. Are there any differences between students’ perceptions of the actual learning 
environment and what they would prefer it to be? 
d. What are students’ perceptions of their teacher-student interactions? 
e. What are students’ attitudes towards Science in a neighbourhood Secondary school? 
The second research question was formed to describe the learning environments, 
which included finding out aspects of student attitudes and teacher-student 
interpersonal relationships in these Science classrooms for a comprehensive 
understanding of the environment. 
Research Question 3: 
Are there differences between graduating classes and Secondary One classes in 
students’ perception of the actual Science learning environment, preferred Science 





Research Question 4: 
Are there gender differences in students’ perception of the actual Science learning 
environment, preferred Science learning environment, teacher-student interactions, 
and attitudes towards Science? 
Additionally, investigations were undertaken to ascertain whether the results were 
related to the level and gender of the students. The third research question involved 
differences between the entry level for Secondary One classes and the exit level for 
graduating classes, while the fourth research question gender differences. 
Research Question 5: 
a. What associations are there between students’ perceptions of their Science 
environment and their attitudes towards Science? 
b. What associations are there between students’ perceptions of their Science 
environment and their achievement in Science? 
c. What associations are there between teacher-student interactions and their attitudes 
towards Science? 
d. What associations are there between teacher-student interactions and their 
achievement in Science? 
While achieving the aim of this thesis, this research identified associations between 
classroom environment, attitudes and achievement in Science and between student-
teacher interpersonal relationship, attitudes and achievement in Science. These were 
established through the fifth research question. 
Research Question 6: 
In a neighbourhood school in Singapore, what are students’ opinions about their 
school, Science and what makes Science lessons enjoyable? 
Lastly, the sixth research question provided the qualitative aspect of this study and 
was included to obtain a more complete understanding of learning environments and 
students’ attitudes not just towards Science as a subject but also towards school in 
general. Results from this research question also helped to confirm and clarify results 




These research questions listed above are also found in Chapter Three where more 
detailed elaboration of why they were derived is given and again in Chapter Four 
where the results are given and the research questions answered. 
 
1.7 OVERVIEW OF THE THESIS 
This thesis comprises five chapters. In Chapter One, a brief introduction to Singapore 
and some background information about Singapore’s education system are provided 
to set the context of the study. The purpose and significance of the study, together 
with its rationale, delimitations, aims and research questions are also highlighted in 
this chapter. 
Chapter Two is the literature review, which first involves studies on learning 
environments and how they can be studied and assessed. The literature review on 
learning environments includes studies carried out locally as well as detailed 
descriptions of related instruments that could be used in this study. Next, this was 
followed by a literature review on Science curricula. A more detailed description of 
assessment in Singapore is also included. Next, having understood how science is 
taught and assessed in Singapore, a literature review on the learning and teaching of 
science was carried out. Sections on how ICT can be harnessed to make the learning 
of science more enjoyable and how independent learning can be fostered are 
included in this section. Literature reviewing on assessment was also carried out, 
particularly to see if there are viable alternative forms of assessments that could help 
to make learning more enjoyable and assessment less stressful. The last section 
comprises a literature review on school climate and culture, and their important role 
in enhancing the learning environment, particularly the motivation of both students 
and staff. 
Chapter Three presents the methodology used in this study. The types of research 
methods are introduced and an appropriate research method for the study was 
derived after exploring the theoretical framework from Chapter Two. It includes a 
description of the sample used in this study, an elaboration of how the research 
questions listed in Chapter One were derived, and why the instruments that were 
used in this study were selected and modified to include qualitative research. The 
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process of pilot testing, data gathering using technology, data analyses and other 
considerations like ethical considerations are also included in this chapter. 
Chapter Four reports the findings from the study. The results of the quantitative and 
qualitative analyses are presented in this chapter, followed by interpretations of the 
results. The answers to the research questions are also presented in this chapter. 
In Chapter Five, the findings from Chapter Four are then related to literature and the 
answers to the research questions obtained are discussed. The findings of this study 
are next summarized in the conclusion. This is followed by the limitations of the 





REVIEW OF LITERATURE 
 
2.1 INTRODUCTION 
Fraser noted that students spend as long as 15,000 hours in school by the time they 
completed Secondary education and 20,000 hours by the time they graduate from 
university (Fraser, 2001). A conservative figure for ten years’ of basic education in 
Singapore, at seven hours a day for five days a week for nine months a year would 
yield a figure of 12,600 hours, which is still a considerable amount of time. With so 
many hours of our students’ life spent in school, it is no wonder that students’ 
perceptions of school experiences and improvement of the quality of life in these 
classrooms have become important. 
As the emphasis of this study is to find out if students are enjoying Science in a 
neighbourhood Singapore school despite the high-achievement environment, a 
literature review was carried out in five main areas relevant to this thesis, starting 
with learning environments in Section 2.2. Next in Section 2.3, the Science 
curriculum and assessment in Singapore is presented in greater detail. This is 
followed by Section 2.4, which covers a literature review on teaching and learning 
and why it is important to make learning enjoyable. This is written with emphasis to 
the teaching and learning of Science and practical ways that could help make the 
learning Science enjoyable and meaningful in the 21st century are provided here. The 
use of ICT is naturally included in this section. In addition, fostering independent 
learning which is so crucial for promoting lifelong learning is also included in this 
section. Next, Section 2.5 consists of a literature review on assessment, with 
emphasis on alternative assessment methods that can help to make assessment less 
stressful, without the loss in rigour. Lastly, Section 2.6 investigates the effect of 
school culture and school climate and suggests how it may be improved. This chapter 
ends with Section 2.7, which summarizes Chapter Two. 
 
2.2 RESEARCH ON CLASSROOM ENVIRONMENTS 
Section 2.2 on learning environment research includes five sub-sections. In Section 
2.2.1, a historical background of environment research is given, followed by Section 
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2.2.2 which consists of the development of some of the key instruments used to 
rigorously measure and describe learning environments. Next, in Section 2.2.3, to 
help the selection of instruments for use in this study, detailed descriptions of 
instruments that would be of particular interest in this study are highlighted. In 
Section 2.2.4, past studies carried out in Singapore are investigated to see if these key 
instruments have been used in the Singapore context, and if so, to see how they were 
used in Singapore. Finally, Section 2.2.5 concludes with the selection of the 
instruments for this study and how they may be used in conjunction with one another. 
2.2.1 Instruments Measuring Learning Environments 
In the field of education, a lot of emphasis has been given to the psychosocial 
characteristic approach. An important way to assess the psychosocial characteristic 
of a classroom includes the design and development of instruments. One of the first 
instruments developed was the Learning Environment Inventory (LEI), designed by 
Walberg in the 1960s in the USA in the Harvard Project Physics research (Fraser, 
1998).  
However, as the LEI was long and had too many scales, other instruments were 
developed, such as the My Class Inventory (MCI). The MCI is a simplified LEI 
designed for younger children in Primary schools by Anderson and Walberg in 1976. 
The MCI was validated by Fisher and Fraser in 1981 (Fisher & Fraser, 1981). 
Another historically important instrument developed independently from and slightly 
after the LEI is the Classroom Environment Scale (CES) designed by Rudolf Moos 
(Fraser, 1998). Moos believed that an environment can only be described 
appropriately by considering three dimensions – the personal development, the 
relationship dimension and the systems change and systems maintenance dimension 
(Fraser, 1998). Personal development, as the term implies, describes the development 
of the individual; relationship dimension seeks to describe the way people relate to 
one another; systems change and systems maintenance dimension seeks to describe 
how the physical environment is organized and how innovative it is.  
Three scales in the CES measured the relationship dimension - involvement of 
students in the class, affiliation of students with each other and teacher support; 
another four scales measured the systems change dimension - teacher control, rule 
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clarity, order and organization and innovation; and two scales measured the personal 
development dimension - task orientation and competition (see Table 2.1).  
For the LEI, cohesiveness, friction, favouritism, cliqueness, satisfaction, apathy 
measured the relationship dimension. Speed, difficulty and competitiveness 
measured the personal development dimension while the remaining scales measured 
the systems change dimension.   
Table 2.1 







Total items in 
the instrument 
Scales 













































The MCI only measured the learning environment on two dimensions, as it was 
designed for younger children in mind. It measured the learning environment on the 
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personal and relationship dimensions. Two scales in the MCI measured the personal 
dimension (difficulty and competitiveness) while the remaining scales measured the 
relationship dimension (cohesiveness, friction and satisfaction). 
These three instruments mentioned above were designed for use in teacher-centred 
classroom environments. As many schools in Asia are teacher-centred, the use of 
these instruments should still be appropriate in Asia. The Individualised Classroom 
Environment Questionnaire (ICEQ) was the first learning environment instrument to 
focus on dimensions which distinguished student-centred classrooms from 
conventional teacher-centred classrooms.  
Over the course of time, other modifications included those made to suit specific 
needs. For example, the Science Laboratory Environment Inventory (SLEI) was 
designed to suit the needs of laboratory settings in the teaching of science, the 
Technology-Rich Outcomes-Focused Learning Environment Inventory (TROFLEI) 
was designed for use in a technologically-rich setting. See Table 2.2 for the summary 
of scales for these instruments. 
Besides those listed, there are numerous more, such as the Computer Learning 
Environment Inventory (CLEI), designed for use in a computer laboratory setting, the 
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Some of the popular instruments used to assess the classroom environment in Asia 
are the What is Happening in this Class? (WIHIC) questionnaire, the Questionnaire 
on Teacher Interaction (QTI), the Constructivist Learning Environment Survey 
(CLES), and the SLEI and TROFLEI mentioned above (Fraser, 2002). See Table 2.3 
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Developments in instrument-design also included dividing the instruments into 
Actual and Preferred versions, with students being happiest when the actual and 
preferred environments coincided. If the versions do not coincide, the differences 
identified by the instruments could then be used to design strategies aimed at 
reducing these differences in the hope of improving these classroom environments 
(Fraser, 1989). They described how the WIHIC Actual and Preferred versions were 
used to improve a Secondary Science classroom environment.  
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Fraser (2012) gave a summary of past researches in which associations between the 
WIHIC scales and enjoyment and attitudes were studied. For example, Aldridge and 
Fraser related the WIHIC to enjoyment in 2000 and Chionh and Fraser related the 
WIHIC to achievement, attitude and self-esteem in 2009.  
Other developments in the area of instrument-design are the availability of ‘Short’ 
forms (i.e. shorter versions of the instruments), the availability of Personal and Class 
versions as well as instruments to describe the school environment as opposed to just 
the classroom environment. Mixed-research involving qualitative analysis showed 
that students would normally be able to answer Personal forms better over the Class 
forms. Class forms have since then become obsolete (Fraser, Fisher, & McRobbie, 
1996). 
The Short version of the WIHIC for both the Actual and Preferred versions have 25 
questions each. However, it is generally recognised that the more items there are in 
the instrument, the higher the reliability (McMillan & Schumacher, 1993).  
2.2.2 Historical Background of Environment Research 
Back in 1936, Curt Lewin first described human behaviour as a function of our 
personality and our environment, B = f (P,E) (Fraser, 1998). Before him, it was 
thought that different people behaved differently in accordance with their personality. 
For example, a reticent individual (personality) would tend to keep to himself/herself 
(behaviour). Lewin’s theory helps to give a broader perspective. For example, a 
talkative student (personality) might be reticent (behaviour) when he/she is 
surrounded by strangers (environment). 
Based on Lewin’s proposal, Murray came up with a Needs-Press model in 1938 
(Fraser, 1998). The personal needs described the personality aspect while the press 
described the environment where the needs were expressed or suppressed. He 
proposed an ‘alpha press’ where the environment was assessed by a detached 
observer and a ‘beta press’ where the environment was assessed by those within the 
environment. The alpha press would include observations of the classroom by an 
external observer while the beta press would include observations of the students in 
the classroom. This gave rise to instruments in which the information gathered was 
obtained from the students in the classroom.  
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In 1956, Stern, Stein, and Bloom extended the idea of a beta press further into 
‘private beta press’ where individual perceptions of the environment are obtained and 
‘consensual beta press’ where group perceptions of the environment are obtained, 
giving rise to instruments which obtained responses from groups rather than 
individuals (Fraser, 1998). 
In order to study human environments, several approaches were developed, namely, 
ecological dimensions, organizational structure, personal characteristic and 
psychosocial characteristic. Ecological dimensions tries to explain human behaviour 
using ecological factors, such as weather, for example, the tendency for students to 
be less attentive on a hot and humid afternoon. Organizational structure tries to 
explain behaviour using the structure of the environment, for example, the layout of 
the classroom, the facilities available in the classroom, the teacher to student ratio in 
the class. Personal characteristic tries to explain behaviour through the characteristics 
of the environment, for example, intellectual versus artistic. Psychosocial 
characteristic tries to explain how individuals develop psychologically, for example, 
how students interact amongst themselves (peer influence) and with teachers 
(teacher-student interaction) and how these interactions affect the way they behave 
and ultimately learn. 
2.2.3 Descriptions of Some Learning Environment Questionnaires 
There are numerous good instruments that have been used to study learning 
environments. Of interest in this study are instruments that are popularly used to 
assess the classroom environment in Asia, namely, the WIHIC, the QTI, the SLEI, 
the TROFLEI, and the CLES. A detailed description of each of these instruments is 
included in this section. 
The WIHIC: 
The WIHIC questionnaire is one of the most, if not the most, popular instruments 
used in Asia. It has been translated and cross-validated in Brunei, Taiwan, Korea, 
Indonesia and in Singapore (Aldridge & Fraser, 2000). In Singapore, the WIHIC has 
been used successfully both in its original or modified form. The original WIHIC 
questionnaire had 90 items over nine scales and was developed in Australia by Fisher, 
Fraser, and McRobbie in 1996 to provide an understanding as to what was happening 
in a classroom. In 2000, through the use of both qualitative and quantitative methods, 
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Aldridge and Fraser reduced the original version of WIHIC into its present final form 
with seven eight-item scales, measuring Student Cohesiveness, Teacher Support, 
Involvement, Investigation, Task Orientation, Cooperation, and Equity (see Table 
2.3).  
As mentioned, the instruments come in at least two versions - the Actual and the 
Preferred. In the Actual version, the student participants answer the questionnaire 
according to their perceptions of the actual environment. In the Preferred version, the 
students answer based on their preference of an ideal environment. See Table 2.4 for 
the description and example of items for each of the scale in the WIHIC (Actual and 
Preferred).  
Table 2.4 
Description and Example of Items for Each Scale in the WIHIC Actual and Preferred 
Instruments 
 
Scale Description  
Item example for 
the Actual version 




The extent to which 
students know, help and are 
supportive of one another. 
I work well with 
other class 
members. 
I would work well 




The extent to which teacher 
helps, befriends, trusts, and 
shows interest in students. 
The teacher helps 
me when I have 
trouble with my 
work. 
The teacher would 
help me when I had 
trouble with my work. 
Involvement 
The extent to which 
students have attentive 
interest, participate in 
discussions, perform 
additional work and enjoy 
the class. 
The teacher asks 
me questions. 
The teacher would ask 
me questions. 
Investigation 
The extent to which there is 
emphasis on the skills and 
their use in problem solving 
investigation. 
I carry out 
investigations to 
test my ideas. 
I would carry out 




The extent to which it is 
important to complete 
activities planned and to 
stay on the subject matter. 
I know what I am 
trying to 
accomplish in this 
class. 
I would know what I 
was trying to 
accomplish in this 
class. 
Cooperation 
The extent to which 
students cooperate rather 
than compete with one 
another on learning tasks. 
When I work in 
groups in this class 
there is teamwork. 
When I work in groups 
in this class there 
would be teamwork. 
Equity 
The extent to which the 
teacher treats students 
equally. 
I get the same 
amount of help 
from the teacher as 
do other students. 
I would get the same 
amount of help from 





The WIHIC (Actual) and WIHIC (Preferred) with the complete set of items can be 
found in Appendices 7 and 8 respectively. The validity, reliability and usefulness of 
the WIHIC have been established internationally using confirmatory factor analysis. 
Confirmatory factor analysis supported the international validity of the WIHIC and 
showed that this factor structure was similar across countries, grade levels and 
student genders (Chionh & Fraser, 2009; Fraser, 1998). 
The QTI: 
Another popular instrument used in Asia is the QTI. However, unlike the other 
instruments which measure all or at least two of the three dimensions in Moos’ 
scheme, the QTI only measures the environment on one dimension, namely, the 
relationship dimensions. To make up for the lack of measurement in other 
dimensions, the QTI has been used in conjunction with other instruments to give a 
more holistic picture of the learning environment. The current version of the QTI has 
48 questions consisting of eight six-item scales. See Table 2.5 for the description of 
the scales and item examples in each scale of the QTI. The full version of the QTI 
with the complete set of items can be found in Appendix 9. 
Adapted from the Leary model which maps interpersonal relationships onto the 
Dominance-Submission and Hostility-Affection axes in clinical psychology, teacher 
behaviour is mapped on a Proximity dimension (Cooperation-Opposition axis) and 
Influence dimension (Dominance-Submission axis) to form four quadrants. The 
greater the influence and proximity, the higher the affective student outcomes. 
However, for cognitive student outcomes, associations were not as straightforward, 
appearing to be curvilinear (Brekelmans, Wubbels, & den Brok, 2002). 
The four quadrants are divided into eight sectors forming an octagon, with each 
sector describing a behaviour characteristic a teacher may exhibit: DC for Leadership 
and SO for Uncertain, CD for Friendly and OS for Dissatisfied, CS for 
Understanding and OD for Admonishing, and SC for Student Responsibility and DO 





Description and Example of Items for Each Scale in the QTI 
Scale Description  Item example 
Leadership [DC] 
 
Extent to which teacher provides 
leadership to class and holds 
student attention 





Extent to which the teacher is 
friendly and helpful towards 
students. 




Extent to which the teacher shows 
understanding and care to 
students. 
If we don’t agree with this 





Extent to which the students are 
given opportunities to assume 
responsibilities for their own 
activities. 




Extent to which teacher exhibits 
his/her uncertainty. 





Extent to which teacher shows 
unhappiness/dissatisfaction with 
the students. 
This teacher thinks that we 




Extent to which the teacher shows 
anger/temper and is impatient in 
class. 
This teacher gets angry. 
Strict [DO] 
 
Extent to which the teacher is 
strict with the demands of the 
students. 
We are afraid of this 
teacher. 
 
Teachers with high scores for the DC Leadership sector tend to be directive. They 
lead, give directions, organises, set tasks, determine procedures, explain and hold 
attention. Teachers with high scores for the CD Helpful/Friendly sector tend to be 
supportive. They assist, show interest, behave in a friendly or considerate manner, is 
able to joke, and inspire confidence and trust. Teachers with high scores for the CS 
Understanding sector tend to be tolerant. They empathize, listen, show confidence 
and understanding, accept apologies, are patient and open to students. Teachers with 
high scores for the SC Student Responsibility/Freedom sector tend to be flexible. 
They give students opportunity for independent work, and give freedom and 
responsibility to students.  
Teachers with high scores for the SO Uncertain sector tend to be repressive. They are 
usually timid, hesitant, uncertain and they keep a low profile. Teachers with high 
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scores for the OS Dissatisfied sector tend to be drudging. They show dissatisfaction, 
look glum and are unhappy. Teachers with high scores for the OD Admonishing 
sector tend to be aggressive. They get angry easily, express irritation, are sarcastic, 
forbidding, admonishes and punishes. Teachers with high scores for the DO Strict 
sector tend to be authoritative. They keep a tight rein of the class, expect and 
maintain silence, set rules and are strict.  
The boundaries between the sectors are not strict and overlapping between 
neighbouring sectors is possible. For example, teachers who have high scores for the 
CD Helpful/Friendly sector would also tend to exhibit CS Understanding sector 
behaviours. On the other hand, sectors on the opposite sides of each other describe 
opposite behaviours. As the scales of the QTI are arranged to form a circumplex 
model, it predicts that correlations between two adjacent scales are expected to be 
highest, then gradually decrease until opposite scales are negatively correlated. 




Figure 2.1.  The circumplex model (Goh & Fraser, 1998; Wubbels & Levy, 1993). 
Unlike other instruments where all the items measuring the same scale are together, 
the 48 items of the QTI are arranged in a cyclic order, in blocks of eight, with one 
item in each block measuring a different scale in the sequence, starting with the 
Leadership scale and ending with the Strict scale. The process is repeated again in 
the next block so that a circumplex model is obtained. See Table 2.6 to see the 
allocation of the items into the eight scales. So for the DC Leadership scale, the mean 









Item number in the Scale  
DC Leadership 6    1, 9, 17, 25, 33, and 41 
CD Helpful/Friendly 6    2, 10, 18, 26, 34, and 42 
CS Understanding 6    3, 11, 19, 27, 35, and 43 
SC Student Responsibility / Freedom 6    4, 12, 20, 28, 36, and 44 
SO Uncertain 6    5, 13, 21, 29, 37, and 45 
OS Dissatisfied 6    6, 14, 22, 30, 38, and 46 
OD Admonishing 6    7, 15, 23, 31, 39, and 47 
DO Strict 6    8, 16, 24, 32, 40, and 48 
 
From the mean scores obtained in all the scales, charts of various teacher behaviours 
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Figure 2.2.  General plots of some teacher behaviours. 
(Adapted from Brekelmans et al., 2002, p. 78) 
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Each of the shaded area represents a measure of a particular behaviour. In each sector, 
the further the shading is from the centre, the more significantly or frequently the 
behaviour is perceived to be exhibited. It was found that classes with Uncertain-
aggressive teacher behaviours generally had low cognitive student outcomes, low 
affective outcomes and medium participation rate while classes with authoritative 
teacher behaviours generally had high cognitive and affective outcomes and high 
participation rate (Brekelmans, Wubbels, & den Brok, 2002). 
The QTI comes in three versions - the Students’ Actual version, Students’ Ideal 
version and the Teacher’s Self version. The Students’ Actual version measures 
students’ actual perception of their teachers while the Students’ Ideal version 
captures students’ perception of their ideal teacher. Moreover, the QTI may not only 
be used to provide an understanding of student-teacher relationship in the classroom 
from the perspective of students, the QTI Teacher Self version provides an 
understanding of the interaction from the teacher’s perspective as well. It has been 
used to provide understanding of teacher profile with learning outcomes in Asia. The 
QTI has been used in Singapore, Brunei, Korea and Indonesia. The QTI has been 
cross-validated internationally. It showed good reliability and validity across 
different countries and quickly became another popular instrument used to help 
assess and improve classroom environments (Fraser, 1998; Goh, 2002). 
In addition, for the QTI to be reliable, it should be administered to at least 10 
students in a class for at least two classes. As teacher behaviour is relatively stable, it 
does not need to be administered more than once a year (Brekelmans, Wubbels, & 
den Brok, 2002).  
The SLEI: 
The SLEI was developed for use in the laboratory settings for senior high school or 
higher education levels (Fraser, Giddings, & McRobbie, 1992). It was developed 
because of the importance of laboratory settings in science education. It has five 
seven-item scales and assesses Open-Endedness, Student Cohesiveness, Integration, 
Rules Clarity, and Material Environment. Of special mention is the Open-Endedness, 
which according to literature, is important in science practical sessions. See Table 2.7 




Description and Example of Items for Each Scale in the SLEI Actual Instrument 
Scale Description  





The extent to which students 
know, help and are 
supportive of one another. 
I get along well with 
students in this 
laboratory class. 
Items are scored 
1, 2. 3, 4, 5 
Open-
Endedness 
The extent to which the 
laboratory activities 
emphasize an open-ended 
divergent approach to 
experimentation. 
In my laboratory 
sessions, the teacher 
decides the best way for 
me to carry out the 
experiments. 
Items are scored 
5, 4, 3, 2, 1 
Integration 
The extent to which the 
laboratory activities are 
integrated with non-
laboratory and theory classes. 
I use the theory from my 
regular Science class 
sessions during 
laboratory activities. 
Items are scored 
1, 2. 3, 4, 5 
Rule Clarity 
The extent to which 
behaviour in the laboratory is 
guided by formal rules. 
There is a recognized 
way for me to do things 
safely in this laboratory. 
Items are scored 
1, 2. 3, 4, 5 
Material 
Environment 
The extent to which the 
laboratory equipment and 
materials are adequate. 
I find that the laboratory 
is crowded when I am 
doing experiments. 
Items are scored 
5, 4, 3, 2, 1 
 
The SLEI has been used in the USA, Canada, England, Israel, Australia and Nigeria, 
and in Singapore (Fraser, 2002).  The validity of the SLEI has been established in 
Singapore by Wong and Fraser (Wong & Fraser, 1996, 1997). The SLEI is intended 
for use in situations in which a separate laboratory class exists.  
The TROFLEI: 
The TROFLEI was developed by Fisher, Fraser, and McRobbie in 1996 to assess 
classroom environments where technology is used so that the impact of Information 
and Communications Technology (ICT) on the learning environment could be 
monitored. It drew upon the robust nature of the WIHIC questionnaire such that with 
it as the basis, other scales were added to it to form the TROFLEI instrument. Thus, 
the first seven scales of the TROFLEI are in fact scales from the WIHIC, assessing 
Teacher Support, Equity, Student Cohesiveness, Involvement, Investigation, Task 
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Orientation, and Cooperation. Three scales were added to these which were 
considered especially relevant to ICT and outcomes-focused learning environments, 
assessing Differentiation, Young Adult Ethos, and Computer Usage. The original 
scales had eight items each which were later reduced to seven items each.  
Table 2.8 
Description and Example of Items for Each Scale in the TROFLEI 
Scale Description  Item example 
Student 
Cohesiveness 
The extent to which students know, 
help and are supportive of one another. 
I work well with other class 
members. 
Teacher Support 
The extent to which teacher helps, 
befriends, trusts, and shows interest in 
students. 
The teacher helps me when I 
have trouble with my work. 
Involvement 
The extent to which students have 
attentive interest, participate in 
discussions, perform additional work 
and enjoy the class. 
The teacher asks me questions. 
Investigation 
The extent to which there is emphasis 
on the skills and their use in problem 
solving investigation. 
I carry out investigations to 
test my ideas. 
Task Orientation 
The extent to which it is important to 
complete activities planned and to stay 
on the subject matter. 
I know what I am trying to 
accomplish in this class. 
Cooperation 
The extent to which students cooperate 
rather than compete with one another 
on learning tasks. 
When I work in groups in this 
class there is teamwork. 
Equity 
The extent to which the teacher treats 
students equally. 
I get the same amount of help 
from the teacher as do other 
students. 
Differentiation 
The extent to which teachers cater for 
students differently on the basis of 
ability, rates of learning and interests. 
I do work that is different from 
other students’ work. 
Young Adult 
Ethos 
The extent to which teachers give 
students responsibility and treat them 
as young adults. 
I am encouraged to take 
control of my own learning. 
Computer Usage 
The extent to which students use their 
computers as a tool to communicate 
with others and to access information. 
I use the computer to take part 




The attitude of the student towards 
Science. 




The attitude of the student towards the 
use of computers. 
I like working with computers. 
Academic 
Efficacy 
The extent to which students are 
confident in their ability to do well in 
the subject. 
I find it easy to get good 
grades in Science. 
 
The TROFLEI was further modified to include three affective outcome scales - 
Attitude to Subject (from the Test of Science Related Attitude instrument developed 
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by Fraser in 1981), Attitude to Computer Use (from the Computer Attitude Scale 
developed by Newhouse in 2001) and Academic Efficacy (from scale developed by 
Jinks and Morgan in 1999) to investigate students’ attitudes (Aldridge & Fraser, 
2003). See Table 2.8 for the description of the scales and item examples in each scale 
of the TROFLEI. Results from attitude scales would give a good indication of 
whether students are enjoying the subject as students who enjoy the subject would 
tend to have better attitudes towards the subject. 
The CLES: 
The CLES was developed by Fraser and Taylor in 1991 to assess the degree to which 
a particular classroom's environment is consistent with a constructivist epistemology 
to enable teacher-researchers to monitor their development of constructivist 
approaches to teaching.  
It was based on a theory of constructivism underpinning recent research in the 
teaching and learning of Science and Mathematics at that time. According to the 
constructivist view, meaningful learning is a cognitive process in which individuals 
make sense of the world in relation to the knowledge which they already have 
constructed.   
The original version of CLES had 36 items which assessed the environment on five 
scales - Personal Relevance, Uncertainty, Critical Voice, Shared Control, and 
Student Negotiation. The CLES has been revised to include 42 items. See Table 2.9 
for the description of the scales and item examples in each scale of the CLES. 
The goal of this instrument was to provide teachers with an efficient means of 
learning about their students’ perceptions of the extent to which their classrooms 
enabled them to reflect on their prior knowledge, develop as autonomous learners, 
and negotiate their understandings with other students. The CLES has been used in 





Description and Example of Items for Each Scale of the CLES 
Scale Description  Item example 
Personal 
Relevance 
The extent to which school Science is 
relevant to students’ everyday out-of-
school experiences. 
What I learn has nothing to do 
with my out-of-school life. 
Uncertainty of 
Science 
The extent to which opportunities are 
provided for students to experience 
that scientific knowledge is evolving 
and culturally and socially 
determined. 
I learn about the different 
knowledge used by people in 
other countries. 
Critical Voice 
The extent to which students feel that 
it is legitimate and beneficial to 
question the teachers’ pedagogical 
plans and methods. 
It’s okay to ask the teacher 
‘why do we have to learn 
this?’ 
Shared Control 
The extent to which students share 
with the teacher control for the 
design and management of learning 
activities, assessment criteria, and 
social norms of the class. 
I have a say in deciding how 
my learning is assessed. 
Student 
Negotiation 
The extent to which students have 
opportunities to explain and justify 
their ideas, and to test the viability of 
their own and other students’ ideas. 
Other students ask me to 
explain my ideas. 
 
2.2.4 Previous Learning Environment Studies in Singapore 
Research studies on learning environments began to emerge in Singapore in the early 
1990s (Goh, 2002). According to Goh, studies in learning environment have been 
carried out at all levels ranging from Primary to Adult education, in different streams 
spanning Normal to Gifted streams, and across various disciplines as diverse as 
Science and General Paper.  
According to Goh, the first learning environment study in Singapore could be said to 
have taken place in 1993, when Lim conducted research on Secondary Four students 
to see what perceptions they had of their classroom environment using the ICEQ. It 
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was an extensive study involving different types of schools (below average to elite), 
different streams (Gifted, Special, Express and Normal), different subjects 
specializations (Art, Science, Technical and Commerce), and varied socio-economic 
backgrounds (high, middle and low). Both the Actual and Preferred versions of the 
ICEQ were used. The findings revealed that the school, stream, subject specialization 
and socio-economic backgrounds had an impact on students’ perceptions on all the 
scales of the Preferred classroom environment, while they had impact only on some 
of the scales of the Actual environment. The differences between the two perceptions 
were also used to improve classroom environments to help the students learn better 
in their classes.  
Studies that involved Secondary schools include one carried out by Wong and Fraser 
in 1994 on Science laboratory classroom environments using the CLEI, which is a 
modified SLEI and the QOCRA, which is a modified TOSRA, to find out students’ 
attitudes in Chemistry laboratory classes (Wong & Fraser, 1996). A sample of 1,592 
students in 56 classes from 28 schools were involved in this research. Findings 
revealed gender differences in favour of girls who had more positive perceptions of 
their Science laboratory environment. Significant associations were also found 
between the Chemistry laboratory environment and students’ attitudes. 
Goh and Fraser conducted a study in 1998 to establish associations between the 
classroom environment and achievement and attitudes towards Mathematics (Goh & 
Fraser, 1998). The study involved 1,512 Primary students in 13 Primary schools and 
the MCI and simplified QTI were used in conjunction. Findings revealed that 
student-teacher relationships and classroom environment were significantly related to 
students’ achievement and attitude towards learning. The study also cross-validated 
the QTI for use in Singapore. 
In 2001, Quek, Wong, and Fraser combined the use of the CLEI, QTI and QOCRA 
to study the Chemistry laboratory environment and teacher interpersonal behaviour 
in Secondary Four Gifted and Express streams (Quek, Wong, & Fraser, 2005). This 
time, a sample of 497 students were involved in this study. The researchers found 
strong associations between students’ enjoyment of their Chemistry laboratory 
classes and perceptions of teacher interpersonal behaviour, especially on the 
helpful/friendly scale. Gender differences were found in the Actual and Preferred 
Chemistry laboratory classroom environments and teacher-student interactions. In 
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the Gifted stream, girls had better perceptions of their teachers while girls had less 
favourable perceptions of their teachers in the Express stream. The results were also 
used for improving the Chemistry laboratory classroom environments. 
The CLES was used in Singapore in an expanded and modified way to study the 
classroom environment of 1,046 Junior College students in 48 classes for General 
Paper (Fraser, 2002). Data supported strong support for the validity and reliability of 
the modified CLES. There was no apparent overall pattern of differences between 
genders and educational and socio-cultural factors responsible for obstacles to 
constructivist changes were specified. The research was the first of its kind 
conducted in Singapore and provided a rich source of data for study related to 
constructivism in the Singapore context. 
Another popular instrument that has been used in Singapore is the WIHIC. The 
WIHIC was used by Chionh & Fraser in 2000 to study relationships between 
classroom environments in Mathematics and Geography classes and three student 
outcomes, namely achievement, attitude and self-esteem (Chionh & Fraser, 2009). 
The study involved 2310 students in 75 classes from 38 randomly selected schools in 
Singapore. Higher examination scores were found in classrooms with stronger 
student cohesiveness, while higher self-esteem and better attitudes were found in 
classes with more teacher support, task orientation and equity. Students also 
perceived their Geography and Mathematics classrooms in relatively similar manners. 
A customized WIHIC was used by Chua, Wong, and Chen in 2000 to study the 
validity of the instrument for use in Chines Language classrooms in Singapore (Chua, 
Wong, & Chen, 2006). A sample of 1460 students from 25 government schools were 
involved in this study. The scales exhibited high internal consistency reliability and 
satisfactory discriminant and factorial validity. 
The WIHIC was also used to establish links between student satisfaction and the 
classroom environment in adult Computer classes (Khoo & Fraser, 2008). A sample 
of 250 adults were involved in this study. Findings showed that there was more 
student satisfaction when there was more teacher support, involvement and task 
orientation. The study also revealed gender differences in student satisfaction, with 





With so many instruments that could be used for my study, a careful literature review 
on learning environment and how it may be measured was carried out. The review on 
learning environment began with a historical study of environment research. This 
was followed by a description of the development of some of the key instruments 
used to rigorously measure and describe learning environments. Next, past studies 
carried out in Singapore was investigated to see if these key instruments have been 
used locally, and if so, to see how they were used in conjunction with one another.  
As the literature review progressed, an idea of how they could be used in this study 
was obtained. To help the selection of instruments for use in this study, a detailed 
description of five instruments that have been used in Singapore were then 
highlighted.  
The WIHIC, one of the most robust instruments for measuring learning environments, 
was selected for this study as the literature review showed that it not only has strong 
standing in countries out of Singapore, but in Singapore as well.  
On this foundation, the QTI and the attitude scales from the TROFLEI were next 
selected for use in conjunction with the WIHIC in order to capture a more holistic 
picture of the environment. The QTI was selected as it would give insights into 
student-teacher interpersonal relationships in the classroom environment. The 
TROFLEI was selected as it comprised a comprehensive set of affective outcomes 
scales. These attitude scales would enable the attitudes component to be captured 
comprehensibly. Moreover, the QTI and TROFLEI also have strong validity and 
reliability for use in the Singapore context.  
According to Fraser (1998), the learners are in the best position to assess the 
environment. The average student would not only be aware of the tremendous 
variation that exists in learning environments as they move from primary to 
secondary school or teacher to teacher, but also a clear understanding of what he or 
she prefers. For this reason, only the student version of QTI was used in my study. 
Data collection using the teacher self-version was not included.  For practical reasons, 
only the actual version of the student version was used in this study. 
To measure attitude, instead of using the TROFLEI in its entirety, only the three 
affective outcome scales of the TROFLEI, namely the Attitude to Subject, Attitude 
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to Computer Use and Academic Efficacy scales, were selected in conjunction for use 
with the WIHIC and the QTI in an attempt to reduce survey fatigue. The complete 
set of items for the three affective outcome scales can be found in Appendix 10. 
Lastly, as the focus of the study was not to obtain information about students’ 
perceptions of the extent to which their classrooms enabled them to reflect on their 
prior knowledge, develop as autonomous learners, and negotiate their understandings 
with other students, the CLES was not selected. As the Science classrooms rather 
than the Science laboratory environments were the focus of the study, the SLEI was 
not selected as well. 
 
2.3 THE SCIENCE CURRICULA AND ASSESSMENT IN SINGAPORE 
NEIGHBOURHOOD SCHOOLS 
This section presents the Science curriculum and assessment in a typical Singapore 
neighbourhood Secondary school in greater detail in three sub-sections. Section 2.3.1 
introduces the Singapore 21st century competencies framework that encapsulates the 
thrust of education in Singapore for the future. This is followed by Section 2.3.2 
which introduces the Singapore science curricula. The syllabi for some sciences are 
included to show how the curricula are covered in actual teaching. Section 2.3.3 
covers assessment in Singapore in greater depth. Lastly, Section 2.3.4 concludes the 
section with a summary. 
2.3.1 The 21st Century Competencies Framework 
Like in many countries around the world, Singapore has come up with a vision to 
prepare our students to thrive in the 21st Century. The 21st Century competencies 
framework (see Figure 2.3) encapsulates the thrust of education in Singapore in the 
future. It aspires to develop future citizens who are confident, self-directed life-long 




Figure 2.3.   The Singapore 21st century competencies framework. 
Competencies in three domains which are of paramount importance in the 21st 
Century are built into the framework around the core values. These domains include 
Civic literacy, global awareness and cross-cultural skills, Critical and inventive 
thinking skills, and Information and communications skills. These competencies 
encompassed in the three domains have been termed as the 21st Century 
Competencies in Singapore and are integrated into the Singapore Science curricula 
described in the next section. 
2.3.2  The Singapore Science Curricula  
The Singapore Science curriculum seeks to nurture the student as an inquirer. This is 
based on the belief that children are curious by nature and have the inherent desire to 
explore and learn about the things surrounding them. The Singapore Science 
curriculum leverages on this point and seeks to develop this spirit of curiosity. The 
teacher is the leader of inquiry in the science classroom. Teaching and learning 
approaches centre around the student as an inquirer. 
The Science Curriculum Framework (see Figure 2.4) is derived from the policy 




Figure 2.4.   The Singapore science curriculum framework. 
 
At the centre of the framework is the inculcation of the spirit of scientific inquiry. 
Represented by the three triangles, the conduct of inquiry is founded on three 
domains (a) Knowledge, understanding and application, (b) Skills and processes, and 
(c) Ethics and Attitudes. Table 2.10 provides the description of each domain that 
frames the practice of science in Singapore. Students and teachers need to work 
hand-in-hand to make the learning of Science a success. Whilst teachers have to be 
hardworking and responsible, students also need to play a part and learn how to be 




Description of Each of the Three Domains 
Knowledge, Understanding 
and Application 
Skills and Processes  Ethics and Attitudes 
 
Scientific phenomena, facts 
concepts and principles 
Scientific vocabulary, 
terminology and conventions  
 
Scientific instruments and 
apparatus including 
techniques and aspects of 
safety  
 


































 Decision-making  
 
As the curriculum design seeks to make the study of science meaningful and 
authentic to students, inquiry is thus grounded in issues and questions that relate to 
the roles played by science in daily life, in society, and in the environment.  
Science in daily life caters to the personal perspective that focuses on the individual. 
This component comprise of using scientific skills in everyday life e.g. observing 
trends and analysing data from media reports; being adaptable to new scientific and 
technological advances e.g. the use of IT tools; and making informed choices that are 
related to science and technology e.g. consumption of genetically modified food. To 
help to nurture confident citizens in a technological world in the 21st Century, 
domains that are integral to the conduct of Science inquiry are developed. The 
acquisition of Science knowledge and understanding, skills and abilities, and other 
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attributes relevant to the study of science to make further studies possible are 
developed. Integrating 21st Century competencies also involves promoting awareness 
that the study and practice of Science are cooperative and cumulative activities, 
subject to social, economic, technological ethical and cultural influences and 
limitations.  
Science in society provides the social perspective that focuses on human interactions. 
This component comprise of engaging in meaningful scientific discourse with others, 
understanding the impact of science and technology in society, and contributing to 
the progress of science. Science in the environment provides the naturalistic 
perspective that focuses on man-nature relationship. This component comprise of 
understanding the place of humanity in the natural world, showing awareness of 
safety and biological issues (e.g. SARS), and demonstrating care and concern for the 
environment (e.g. global warming). To nurture 21st century competencies to develop 
concern citizens and active contributors, students are engaged in Science-related 
issues to stimulate their curiosity, interest and enjoyment in Science promoting their 
interest and care for the environment. 
The Lower Secondary Science Syllabus is based on the Science Curriculum 
Framework and emphasizes on the need for a balance between the three domains, 
namely, acquisition of science knowledge, skills and attitudes. 85% of curriculum 
time is set aside for the acquisition of the three domains. 15% of the curriculum time 
known as ‘white space’ is set aside for teachers to use more engaging teaching and 
learning approaches or to implement customized school-based programs to make 
learning more meaningful and enjoyable.  
As students are streamed according to their abilities at the end of Primary school, 
there are two different syllabi available at the Lower Secondary level - one for the 
Normal Technical (NT) stream and one for the Normal Academic (NA) and Express 
streams. Although the NA and Express streams share the same syllabus, there are 
optional topics for the NA stream. However, whatever the stream, both syllabi are 
based on the Science Curriculum Framework which emphasizes the balance between 
the acquisition of science knowledge, skills and attitudes. See Appendices 11 and 12 
for sample pages of the Singapore NT and NA/Express Science syllabi respectively. 
Streaming allows differentiated learning, which allows students to learn at their own 
pace. At present, the Subject-based Banding (SBB) program is being piloted in 12 
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schools, which allows students in NT and NA streams to take a the subject at a 
higher stream, for example, NT student may take NA science and NA student may 
take Express Science. In the pilot stage, only three subjects are involved - English, 
Maths, and Science. 
The Knowledge component is structured in a similar way to the Primary Science 
Syllabus so that transition into Secondary school may be smoother. It is based on 
themes that the students can relate to in their everyday experiences and to commonly 
observed phenomena in nature, namely, Diversity, Models, Systems and Interactions 
with the purpose of providing a broad-based understanding of the environment. In 
addition to these four themes, knowledge about Science is highlighted in an 
introduction. Although the syllabus is organized around these four themes and the 
introduction, there are no clear cut boundaries between these themes in the hope to 
minimize compartmentalization of content. 
Teachers are encouraged to provide opportunities for students to use concepts and 
integrate skills and processes to inquire about phenomena around them. In all 
scientific inquiry, the adoption of good attitudes is encouraged and the teaching of 
ethics in Science incorporated (e.g. use of virtual reality to introduce the anatomy of 
a frog instead of live dissection to teach animal testing). The broad-based 
understanding would help to build a foundation for students to rely on as they 
continue with further studies. 
At the end of Secondary Two, students are streamed into classes based on their 
subject combinations. The Lower Secondary syllabi prepare students for Upper 
Secondary levels, where they spend two to three years in preparation of the 
Singapore-Cambridge General Certificate of Education (GCE) ‘N’ level or ‘O’ level 
examinations. The Science syllabi at the Upper Secondary level are dependent on the 
various different types of Sciences chosen by the students. See Appendices 13 to 16 
for sample pages of the syllabus content for Science at the ‘N’ level and Chemistry at 
the ‘O’ level, Combined Chemistry at the ‘O’ and ‘N’ levels for the various streams.  
In the next section, Section 2.3.3, assessment in Singapore neighbourhood schools is 
covered in greater details. 
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2.3.3 Assessment in Singapore Neighbourhood Schools 
Assessment is an integral part of the teaching and learning process in Singapore, 
often providing formative and summative feedback to teachers, students, schools and 
parents. 
The aims of the Lower Secondary Science are the acquisition of knowledge, 
understanding and application of science concepts, the ability to use process skills 
and the development of attitudes that are important to the development of science. 
The assessment objective of the syllabi are aligned to the three domains in the 
Science Curriculum Framework, namely, assessment of knowledge, assessment of 
skills and processes, and assessment of attitudes.  
Written assessment varies among subjects. In general, class tests and common tests 
are given in every term to make up Continual Assessment (CA) 1 marks (for Terms 1 
and 2) and CA 2 marks (for Terms 3 and 4) and mid-year and end-of-year 
examinations given at the end of every semester to make up Semestral Assessment 
(SA) 1 and SA 2 marks respectively. The tests are normally used for both formative 
and summative assessments while the examinations are usually used as summative 
assessment.  
The large class size in a typical neighbourhood school does not make it easy for 
assessment in the other domains to be carried out. It also makes regular formative 
assessment more difficult to carry out in practice. 
After the Primary School Leaving Examinations, the students are streamed into 
Normal Technical (NT), Normal Academic (NA) and Express streams according to 
their abilities. The mid-year and end-of year examinations format differ accordingly 
to these streams. See Tables 2.11 to 2.13 for samples of the NT, NA and Express 
examination formats. 
Table 2.11 
Scheme of Assessment Lower Secondary NT Science 
Sections Type of Question Duration Marks Weighting 
A Multiple Choice Questions 
1 h 15 min 
40 40% 
B Structured Questions 30 30% 






Scheme of Assessment Lower Secondary NA Science 
Sections Type of Question Duration Marks Weighting 
A Multiple Choice Questions 
1 h 45 min 
40 40% 
B Structured Questions 30 30% 
C Essay Questions 30 30% 
 
Table 2.13 
Scheme of Assessment Lower Secondary Express Science 
Sections Type of Question Duration Marks Weighting 
A Multiple Choice Questions 
1 h 45 min 
30 30% 
B Structured Questions 40 40% 
C Essay Questions 30 30% 
 
As the syllabus for the NA Science is similar to the Express Science, its level of 
difficulty is closer to that of the Express paper than to the NT paper. The allocated 
time for the NA examination is thus the same as that allocated for the Express 
examination. 
In a typical neighbourhood school, at the end of Secondary Four, NT and NA 
students sit for the national examinations, namely, the GCE ‘N’ level examinations. 
If the NA students do well and choose to continue their education in their Secondary 
school, they will sit for the GCE ‘O’ level examinations together with the Secondary 
Four Express students in the following year when they are in Secondary Five. Tables 
2.14 and 2.15 show a sample scheme of assessment for Science (Phy/Chem) for NA 
students and Science for NT students. Note that there is no practical examination for 
Normal students. 
Table 2.14 
Scheme of Assessment for GCE ‘N’ level Science (Phy/Chem) 
Paper Type of Paper Duration Marks Weighting 
1 Multiple Choice (Physics) 
1 h 15 min 
20 20% 
2 Structured (Physics) 30 30% 
3 Multiple Choice (Chemistry) 
1 h 15 min 
20 20% 






Scheme of Assessment for GCE ‘N’ level Science Syllabus T 
Paper Type of Paper Duration Marks Weighting 
1 Multiple Choice 1 h 40 40% 
5 Short-answer or structured 1 h 15 min 60 60% 
 
Secondary Express students are given the option to do pure Sciences and combined 
Sciences. For students taking Pure Sciences, besides the theory examinations, the 
School-Based Science Practical Assessment (SPA) is conducted to assess practical 
skills.  
SPA is a national assessment on practical skills that is conducted over two years 
from Secondary Three to Four. Assessment comprises Skill Set 1 on performing and 
observation, Skill Set 2 on data analysis and Skill Set 3 on planning. Students take 
two tests on Skill Set 1 and 2 and take one test on Skill Set 3. For Skill Set 1, 
students are assessed individually on practical skills using rubrics. See Table 2.16 for 
more information on SPA.  
Table 2.16 





Max Marks per 
Assessment (b) 
Weight (c) 
Sub-total  (a 
x  b x c) 
Weighting 
1 2 6 4 2 x 6 x 4 = 48 50% 
2 2 4 3 2 x 4 x 3 = 24 25% 
3 1 4 6 1 x 4 x 6 = 24 25% 
Total Marks for SPA 96  
 
The total 96 marks for SPA will make up 20 percent of the total assessment for the 




Weighting of Each Paper for a Pure Science GCE ‘O’ Level Examination  
Paper Type of Paper Duration Marks Weighting 
1 Multiple Choice 1 h 40 30% 
2 Structured and Free Response 1 h 45 min 80 50% 
3 
School-based Science Practical 
Assessment (SPA) 
- 96 20% 
 
For the combined Sciences, the GCE ‘O’ level practical examinations are conducted. 
Table 2.18 shows a sample scheme of assessment for combined Biology. 
Table 2.18 
Scheme of Assessment for GCE ‘O’ level Science (Biology) 
Paper Type of Paper Duration Marks Weighting 
1 Multiple Choice 1 h 40 20% 
2 Structured and Free Response (Physics) 1 h 15 min 80 32.5% 
3 Structured and Free Response (Chemistry) 1 h 15 min 80 32.5% 
4 Structured and Free Response (Biology) 1 h 15 min 80 32.5% 
5 Practical Examination 1 h 30 min 30 15% 
 
For example, if a student chooses Science (Biology/Chemistry), the student would 
take Papers 1, 3, 4 (which are the theory papers) and 5 (which is the practical paper). 
 
2.3.4 Summary  
Like many countries around the world, Singapore is preparing its future generation 
not only for survival in the 21st Century, but to thrive in the 21st Century. The 21st 
Century competencies framework encapsulates the thrust of education in Singapore 
in the future. It aspires to develop future citizens who are confident, self-directed 
life-long learners, concerned, and active contributors of the global society. 
The Singapore Science curriculum nurtures the Science student as an inquirer. 
Although lessons in classrooms are meant to be inquiry-based, more often than not, 
Science lessons are often conducted in a traditional manner. Textbooks and 
workbooks are still heavily relied on and teachers tend to disseminate information to 
students. However, it is more common to see students working in groups, there is 
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more emphasis on understanding key concepts, and more teachers are willing to 
spend ‘wait time’ for students to ask and answer questions. 
The Lower Secondary Science syllabus is based on the Science Curriculum 
Framework and emphasizes balance between the three domains. The aims are the 
acquisition of knowledge, understanding and application of Science concepts, the 
ability to use process skills, and the development of attitudes that are important to the 
development of Science. The assessment objective of the syllabi are thus aligned to 
the three domains in the Science Curriculum Framework, namely, assessment of 
knowledge, assessment of skills and processes, and assessment of attitudes.  
In a typical neighbourhood school, the Lower Secondary syllabi prepare students for 
Upper Secondary levels, where they spend two to three years in preparation of the 
Singapore-Cambridge General Certificate of Education (GCE) ‘N’ level or ‘O’ level 
examinations. The curriculum for Upper Secondary students depends on the subject 
and streams of the students.  
At the end of Secondary Four, NT and NA students sit for the national examinations, 
namely, the GCE ‘N’ level examinations. If the NA students do well and choose do 
continue their education in their Secondary school, they will sit for the GCE ‘O’ 
level examinations together with the Secondary Four Express students in the 
following year when they are in Secondary Five. NT students progress to further 
education in Institute of Technical Education (ITEs) where they will learn skills of 
trade. There are no practical examinations for GCE ‘N’ level. 
Secondary Express students are given the option to do pure Sciences and combined 
Sciences. For students taking Pure Sciences, besides the theory examinations, the 
School-Based Science Practical Assessment (SPA) are conducted to assess practical 
skills. For Express students taking combined Sciences, the GCE ‘O’ level practical 
examinations are conducted. Students who do well progress to further education in 
institutions like the Junior Colleges for their GCE ‘A’ levels or Polytechnics for their 
diplomas.  
Once the student leaves school after taking the GCE ‘N’ level or ‘O’ level 




2.4 TEACHING AND LEARNING 
The literature review in Section 2.4 consists of a literature review on teaching and 
learning broken down into five sub-sections. It begins with Section 2.4.1, with an 
introduction on learning theories in general followed by Section 2.4.2, a section 
devoted to the teaching and learning of Science.  
From the learning theories introduced in the Section 2.4.1, not only can teaching be 
made more effective, the learning of Science can be made both meaningful and 
enjoyable, such as through the use of Information and Communications Technology 
(ICT). As we make our progress into the 21st century, the use of ICT in schools is 
given great emphasis in Singapore schools, as witnessed by the introduction of the 
many ICT MasterPlans in Singapore. Section 2.4.3 is devoted to the use of ICT in the 
teaching of Science. Suggestions on how to capitalize and harness this powerful tool 
are included in this section to make lessons effective and lessons more enjoyable. In 
particular, literature review is conducted to investigate how ICT has been used to 
foster self-regulated and independent learners. Section 2.4.4 describes the role of 
self-regulation in independent learning and suggests some ways to develop self-
regulation in students. 
In Section 2.4.5, a literature review on the role of attitudes in science and self-
efficacy is studied. Common associations of learning environments and student-
teacher interactions with attitude and performance in the subject are included in this 
section. In Section 2.4.6, suggestions on how to improve student-teacher 
interpersonal relationships are included. The role of attitude, including academic 
efficacy, and the role of student-teacher interactions in learning is described in the 
last section. Other associations in particular with students’ cognitive outcomes are 
also included in this section.  
Section 2.4.7 ends the section with a summary.  
2.4.1 Learning Theories  
Learning theories have developed in the past century from behaviourism, to 
cognitivism, to constructivism (Duit & Treagust, 1998). Constructivism, later 
expanded to include social constructivism as learning often takes place in a social 
context. The influence of these different learning theories could be seen in the 
changes of focus in research in science education. 
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The influence of behaviourist learning theories led to a focus on discovering whether 
or not changes in a teaching procedure or curriculum led to changes in students’ 
academic performance. Less or little attention was given to why or how these 
changes occurred. 
As our thoughts also have an important control over our behaviours, Piaget's 
cognitive theory which was developed in the 1920s replaced behavourism as the 
dominant school of thought in the late 1960s. Cognitive theories focused on the 
human mind for understanding how people learn. Mental processes like thinking, 
memory, problem solving gained importance and learning was defined as a change in 
a learner's schemata. In the cognitive theories of learning, the learner is a computer 
who actively processes the information from the environment, before outcomes are 
produced.  
Piaget's cognitive theory emphasized the need for manipulative materials to 
strengthen connections (Novak, 1978). The application of this can be observed when 
teachers help students build schemata and make connections by providing 
opportunities for discussions, role playing, incorporating visual aids and other 
techniques to strengthen connections.  
The cognitive theories developed into constructivist theories of learning, which 
dominated science education in the 1980s and early 1990s. In cognitive theories of 
learning, the learner is a computer that processes information. In constructivism, the 
learner is the constructor of information or knowledge, with new knowledge 
constructed on the basis of prior knowledge. The teacher provides scaffolds for 
learning so that the students can make sense and construct new knowledge. Battista 
(1990) even went as far as to say that no one could teach - effective teachers merely 
stimulate students to learn and that students learn well only when they construct their 
own understanding. 
In constructivism, as the learner actively constructs knowledge, past experience and 
cultural factors are also brought into the learning process. A constructivist model of 
learning encourages students to develop deeper understandings, challenge what they 
learn and how they learn, negotiate their learning, see relevance in what they learn 
and reflect on what and how they learn.  
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Although the learner has to construct individual meaning of the new idea, the process 
is always embedded in a social setting in which the learner is a part, namely, the 
classroom. For example, one of the key aspects of mainstream constructivist 
approaches in the 1980s and early 1990s consisted of conceptual change approaches 
which include providing learning experience that develop conceptual understanding.  
Conceptual change are embedded in conceptual change supporting conditions, which 
includes motivation, interests, beliefs of learners and teachers, classroom climate and 
school climate.   
In my study, more emphasis was given to the ‘classroom climate’, ‘learners’ and 
‘teachers’ components. The ‘classroom climate’ component is investigated mainly 
through the use of robust learning environment instruments like the WIHIC earlier 
discussed in Section 2.2. Attributes pertaining to ‘learners’ was investigated through 
the GTKY questionnaire which consists of a comprehensive set of attitude scales. 
The ‘teachers’ aspect is investigated through instruments like the QTI to obtain not 
just information on ‘teachers’ but also on the student-teacher interactions, which is 
covered in Section 2.4.6. Moreover, although the focus of the study did not include 
‘school climate’, the GTKY questionnaire comprised of some self-designed 
questions which helped to describe this important component. Literature review on 
school climate is covered briefly in Section 2.6. 
From a social constructivist view, teachers are facilitators of students’ learning with 
‘a key role to assist students to problematize and reconstruct their existing 
conceptions and to determine the viability of their new ideas in the social forums of 
the classroom and the broader community’. As facilitators of students’ learning, the 
responsibility of the learning becomes shared.  
To develop student understanding of concepts, teachers can check for prior 
knowledge and misconceptions. To make learning more meaningful and to reduce 
the chance of misconceptions, analogies can be used in teaching (Harrison, 2004) 
and introducing opportunities for authentic problem-solving can be employed to 
stretch thinking. Students who are challenged to do the discovery and reasoning 
themselves enhance personal construction and so reduce the occurrences of 
misconceptions (Gunstone, 1995). As facilitators of students’ learning, opportunities 
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must be given to students to be challenged and time must be planned into lessons for 
students to discover and problem solve. 
In social constructivism, students are provided with the opportunity to learn through 
social interactions (von Glasersfeld, 1995). With time for discussions and for social 
interactions planned into lessons, there would be more two-directional flow of 
information (Bodner, 1986), if not between the teacher and the student, then among 
students. In such lessons, students would certainly have more opportunities to have 
their ideas listened to (Driver et al., 1994). For example, instead of merely submitting 
their answers in the forms of worksheets, students would get more opportunity to 
listen to their peers' answers and clarify any differences. Thus, opportunities for 
discussions and student sense-making must be incorporated into instruction. 
Having seen how learning theories address how people learn, and as teaching and 
learning are two sides of the same coin, a good foundation in learning theories would 
help to improve how we teach, including how we teach Science as a subject.  
2.4.2 Teaching and Learning of Science  
As we progress into the 21st century, rapid change has become an accepted part of 
our society and people are required to adapt as ideas become quickly obsolete 
(Venville, Adey, Larkin, & Robertson, 2003). The ability to think is a valuable skill 
in such an environment. And a good way to foster thinking is through the learning of 
science. 
The Singapore 21st Century Competencies include, Critical and inventive thinking 
skills, and information and communications skills. The learning of science also gave 
students opportunities to identify and formulate problems (Washton, 1967). Washton 
wrote about the importance of science discussions and practical lessons as these also 
encouraged intuitive thinking. Many proven hypotheses in science were a result of 
intelligent guessing. So allowing students to test their hypotheses and evaluate their 
findings in the laboratory provided a way for them to develop such intuitive but 
intelligent guessing.  
Testing hypotheses allowed students to learn first-hand that rejecting hypotheses was 
as important as proving that a hypothesis is correct. Washton wrote that through the 
process of hypotheses testing and evaluation, students would also learn other traits 
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like perseverance and risk-taking. The ability to overthrow a preconceived idea on 
the basis of new evidence is developed through science activities and investigations.  
An approach that is often used for the teaching of Science is as a form of inquiry. 
Using this approach satisfies our inborn curiosity and desire for explanations 
(Hassard, 2013). Scientific inquiry may be defined as the activities and processes 
which scientists and science students engage in to study the natural and physical 
world around us.  
Teaching science as an inquiry goes beyond merely presenting the facts and 
outcomes of scientific investigations. In Science as an inquiry, students learn how the 
products of scientific investigations were derived. They learn how to ask questions, 
are actively engaged in the collection of evidence, learn how to formulate, and 
communicate explanations based on scientific knowledge. Students must be given 
opportunities to learn how to gather information, classify, and organize it to increase 
their understanding so that they can apply it in solving problems and generating new 
ideas. 
The problem-solving activities, open-ended investigative experiments, projects, and 
discussions carried out in science lessons are avenues through which higher-order 
thinking skills are promoted. Problem solving activities offer opportunities for 
students to find new ways of solving problems. Open-ended investigations and 
projects allow opportunities for children freedom to design, carry out hands-on 
activities, and present their findings, while discussions allow opportunities for the 
students to share ideas. Not only are thinking skills fostered in the learning of science, 
students are provided with the opportunity to develop other positive attributes, such 
as good attitudes and values like curiosity, healthy skepticism, open-mindedness, and 
concern for living things as they carry out scientific inquiries. See Table 2.19 for a 




Comparison Between Inquiry-based and Traditional Classroom (Adapted from 
Science Syllabus Lower Secondary Express/NA 2013, p.16) 
Inquiry-based Classroom Traditional Classroom 
 
Students often work in groups 
 
Emphasis is on understanding the key 
concepts 
 
Allows for pursuit of student questions 
 
Activities rely mainly on primary 
sources 
 
Students are viewed as thinkers with 
their own ideas about the world 
 
Teachers as facilitators in an interactive 
learning environment 
 
Teachers tend to seek to understand 
students’ learning 
 
Assessment is interwoven with teaching 
 
Students often work alone 
 
Emphasis is on mastery of facts 
 
 
Follows a fixed curriculum closely 
 
Activities rely mainly on textbooks and 
workbook materials 
 
Students are viewed as ‘blank slates’ 
 
 
Teachers tend to disseminate 
information to students 
 
Teachers tend to seek correct answers 
 
 




In Singapore, other popular strategies to promote inquiry-based learning and teaching 
have included cooperative learning, field trip, model building, Strategies for Active 
and Independent Learning (SAIL), and the use of Information and Communication 
Technology (ICT). In cooperative learning, students are divided into groups so that 
each student assumes certain responsibilities towards the completion of a task, 
learning cooperative skills along the way. Field trips provide opportunities for 
students to explore, discover and experience Science in real-life, making the learning 
of Science both authentic and exciting. Model-making provides students with the 
opportunity to design and be creative and gives them opportunity to construct a 
representation of a concept or object. Of interest is the SAIL approach, which 
emphasizes learning as a formative and development process through the use of clear 
learning expectations and rubrics. Instruction and assessment point the way for 
students to learn and improve continuously and teaches them how to be independent 
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learners. ICT supports the inquiry process by facilitating collaboration, data 
collection, and self-directed learning etcetera. These strategies not only make the 
learning of Science meaningful, they help make lessons enjoyable. 
Bruner focused on learning and the learner in the education of science in 1960 and 
came up with four themes: subject matter, readiness for learning (which led to new 
ideas revisited in curriculum planning), intuition and analytical thinking (this led to 
inquiry and discovery approaches) and motivation for learning. A matrix can be used 
to show the positions of some typical learning activities on a continuum of rote and 
meaningful learning (on the y-axis) and reception and discovery learning (on the x-









Scientific research  





 Lectures or most 
textbook 
presentations 
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Figure 2.5.   Typical forms of learning to illustrate representative different positions 
on a rote learning and meaningful learning matrix. 
 
Activities like clarification in discussion sessions are high up in the matrix on the 
meaningful learning continuum while lectures or daily teaching with powerpoint 
slides and science practicals are in the middle of the matrix. Of interest is that it does 
not favour discovery learning over reception learning. Expository or receptive 
teaching can still lead to meaningful learning, depending on activities used. 
From the previous section, in constructivism, the learner is the constructor of 
information or knowledge, with new knowledge constructed on the basis of prior 
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knowledge. The goal of all instruction is to develop students’ conceptual 
understanding. The application of this is observed in programs which incorporate 
field trips for experiential learning, problem-solving lessons for learning, inquiry and 
discovery learning into the teaching of science.  
Also from the previous section, we saw how Piaget's cognitive theory emphasized 
the need for manipulative materials to strengthen connections. In the teaching of 
science, teachers can help students build schemata and make connections by 
providing opportunities for discussions, role playing and incorporating visual aids. 
Incorporating practical lessons into the teaching of science also gives opportunity for 
hands-on experience to students as they do experiments in these lessons, thereby 
strengthening connections. 
Joyce and Calhoun (2012) wrote that successful student learning depends on the 
rapid and improved literacy curriculum as students with limited language skills and 
ICT skills will struggle with ICT applications in the content areas. It would also 
depend on mastery of cooperative, inductive and inquiry-based ways of learning. ICT 
can lead to information overload without increasing understanding of the concepts 
that form the domain of study. Teaching students how to learn ameliorated low 
socioeconomic status related problem seriously. 
2.4.3 The Use of Information and Communications Technology (ICT)  
Schools should capitalize on the remarkable development of ICT and its massive 
influence in modern life across the world (Joyce & Calhoun, 2012). ICT defines the 
21st century through its pervasive influence on social relations and on how our 
youths use their time. ICT has resulted in positive changes in many areas, including 
in education. How we incorporate ICT optimally in curriculum areas is of critical 
importance at this time. 
Apart from the reason that computers are fast becoming an integral part of everyday 
life in Singapore and that it is one of our government’s objectives for education to go 
high-tech, computers are indeed useful in education as they can be extremely 
powerful educational tools if appropriately used. This section covers key capabilities 
of the computer, with particular interest to the way its use as a learning tool affects 
students’ attitudes and academic achievement. A few practical suggestions as to how 
computers can be incorporated are also included.  
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Successive ICT Masterplans for Education supported initiatives by the Ministry of 
Education (MOE) of Singapore to enhance teaching and learning in schools in order 
to prepare our students for the future, a future that is intensely competitive, where 
technologies are replaced at increasing pace and where values are changing (Goh, 
1997). In the fast changing global landscape, not only do future citizens have to be 
life-long learners, the potential of ICT as a key enabler in accelerating economic 
development of the country was also recognized. 
The use of ICT for activities that support the development of 21st century skills, such 
as communicating effectively, collaborate with one another, search for information, 
analyse and use information from multiple sources can be incorporated into subjects 
taught in schools. Not only may learning be anytime, anywhere, but through any 
device (Foo, 2008). Learning can become ongoing and more personalised at one’s 
own pace and at own interest. Students have access to scholars and professionals 
from all over the world at the click of a mouse or button. Collaborations with people 
in other countries around the world is available, making it possible for learning to go 
beyond not only the boundaries of the class but beyond that of the country. ICT 
enriches students’ learning beyond the classroom.  
Classroom activities becomes more learner-centered and interactive, teacher becomes 
the facilitator or collaborator of learning, instructional emphasis is shifted to finding 
relationships, inquiry and invention rather than sole memorization of facts, concept 
of knowledge is shifted from accumulation of facts to transformation of facts. 
Over the last 50 years, computers have been used in the classrooms in a number of 
ways. Atkinson broadly categorized these ways into two basic categories - as 
supplementary material to the regular classroom, and as a substitute for other modes 
of instruction (Atkinson, 1984). In Singapore, it is mainly used as a supplementary 
material in classroom teaching. 
Dwyer (1994) summarized some advantages of using the computer in teaching into 
five main reasons. The first advantage is that students are able to learn how to 
explore and represent information dynamically and in many different forms. Next, 
students learn how to communicate effectively about complex processes, become 
independent learners and self-starters, and learn how to work well collaboratively. 
Thirdly, ICT can also support assessment for and of learning through the use of 
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simulation software to assess students’ ability to formulate and test hypotheses and 
self-assessment software for students to monitor their own learning. The fourth 
advantage was that the use of e-portfolios or technobiographies by students can help 
them to reflect on their learning progression. The fifth and final advantage is that ICT 
tools can be embedded into assessments. 
On top of these, Berger (1998) wrote that the wider variety of instructional 
environments offered through computers provide more chances for students to 
discover domains that match their interests, skills and learning styles. The computers 
also allow children to learn at their own pace. This is useful towards curriculum 
differentiation which is important in teaching and learning (Berger, 1998; Teo et al., 
1998). It allowed more active engagement of learners, a greater degree of 
independent learning enabling more competent students to expand their learning 
beyond the curriculum. 
The Internet, being rich in quality educational resources, provides students with an 
interconnected world of knowledge for exploration. The large amount, variety and 
complexity of information allows the learner to be an active processor who explores, 
discovers, reflects and constructs his own knowledge, which is in line with the 
constructivist approach towards learning (Mann, 1994). 
The computer is also an excellent tool for developing social skills (Dwyer, 1994). 
When linked to other schools, institutions or organizations, the Internet has the added 
benefit of enabling students to collaborate on worldwide projects, share discoveries, 
and develop strategies for acquiring knowledge in a social context.  
Another powerful resource available on the Internet are the numerous virtual field 
trips available. Virtual field trips are the new interactive learning experiences in 
schools today made possible by extensive online and technological resources. Like 
many other resources available in the computer, virtual field trips highly motivate 
students about their subjects and infuse in them an eagerness to explore and discover. 
When students are motivated intrinsically to learn, that is half the battle won by 
educators.  
The benefits of computer-based learning have been well documented by Kulik 
through the process of meta-analysis (cited in Hofstetter, 1998) who showed that 
learning time was reduced sometimes as much as 80% and achievement levels were 
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higher when computers were used. Kosakowski reported that Kulik not only showed 
that students usually learned more rapidly, they also learned more (Kosakowski, 
1998). This was true across all subject areas, from preschool to higher education, and 
in both regular and special education classes. According to Roblyer, one of the 
highest effects observed was that for the subject Science. In the review, it was also 
found that there was no statistical significance between student ability level and the 
effectiveness of computer-based applications, which means educators can use it for 
all streams (Roblyer, 1990). 
In Singapore, Chen et al. (2001) conducted a research to look for ways to incorporate 
IT so that it may result in effective learning. Chen’s team found that the learning 
environment should have proper provisions for both intellectual and social 
interactions. They thought cooperative learning was an essential feature for quality 
IT integrated learning and that giving problem-based projects was one of the best 
means by which students could focus on learning. In short, the learning principles of 
using IT could be summarized as the 5 I’s: interactivity, increased accessibility, 
increased connectivity, immediacy, and integration while the learning process of 
using IT may be summarized as 4 stages: beginning with negotiation for entry, 
planning and preparation; knowledge sharing and building; inter-group 
communication, IT project design and creation; and finally, allowing students to 
report and present their projects.  
More practical suggestions on how computers may be used in the classroom were 
found in Copernicus Education Gateway (CEG). The link has since then been 
removed but the suggestions are still practical (CEG, 2000). First, from the site, it 
was suggested that teachers should familiarize themselves with the technology and 
take time to understand how it works well ahead of the session. Next, care must be 
given in selecting appropriate resources. Teachers should always try to look for 
resources which motivate students whenever possible, such as puzzles, quizzes, 
interactive lessons, virtual field trips and collaborative experiments. Online materials 
should be printed so that students can relive the computer experiences at a later time. 
Opportunities to teach new skills should be made. For example, virtual field trips can 
enhance students’ judgmental and observational skills and Internet search techniques 
can also be trained.  
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Lastly, teachers should engage students in as much hands-on activities as possible so 
that students can enjoy the process of discovery and experience the full potential of 
learning through interactive experiences.  
With unparalleled opportunities to harness the emerging learning spaces of the future, 
schools must guide students in making the right economic, creative and ethical 
choices in their exploration of these spaces. Students must be made to understand the 
far-reaching consequences of irresponsible use of new media. The opportunity to use 
ICT in learning can instil responsibility in students. Rather than stifle their creative 
participation, we as educators should embrace ICT and teach our students to be 
responsible users of technology. 
2.4.4 Fostering Independent Learning  
A nation's wealth in the 21st Century will depend on the capacity of its 
people to learn. (Goh, 1997) 
One of the aspirations of the Singapore Education System is to develop future 
citizens who are confident, self-directed life-long learners. If we are serious about 
achieving this, adults must give opportunities to children to learn how to be 
independent and self-regulated learners. At home, parents should give their children 
opportunities to manage their homework, revisions for tests and examinations, and 
hobbies while at school, teachers should give students more opportunities for 
independent study and self-assessment or peer assessment for learning.  
Harvey and Chickie-Wolfe (2007) wrote that children can learn without being taught 
by an adult anything that interests them out of school. For example, they can easily 
learn how to play the guitar, speak and write a foreign language like Korean, learn a 
new computer game, and even intricate dance techniques. Not only can they self-
learn, they can even go near or beyond expert stage. Is there a way to foster 
independent learning? If so, how can it be fostered? 
Independent learning involves being able to self-regulate. It involves self-regulating 
motivation, emotions, behaviour, time-management, cognitive and metacognitve 
strategies, physical functioning, academic skills, and context management. 
Self-regulating motivation can be enhanced by fostering better parent-child 
relationships. Emotions refer to the positive emotions about studying and learning 
that can be developed. Behaviour refers to setting routines for homework. Time-
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management refers to the making of schedules and breaking up of larger assignments 
into manageable components. Cognitive and metacognitve strategies include setting 
goals, selecting appropriate strategies to code and store information, assessing 
learning tasks. Physical functioning refers to planning regular exercise to build 
physical health, taking breaks, or making sure there is ample sleep and well-balanced 
diets. Academic skills include developing good study habits like note-taking, 
highlighting, and reading. Finally, context management refers to seeking help with 
homework when help is needed. 
When students self-regulate, they compare their current performance with an ideal 
and adjust future behaviour to better approximate that ideal. Such ideals are 
culturally embedded and are developed in a network of socially mediated factors, 
namely, the family. Involvement of parents and parent figures in students’ education 
is closely tied to school attendance, higher achievement scores, increased homework 
completion, and appropriate behaviour in school. 
As students move into secondary school, students increasingly turn to peers for 
information, support and coping strategies. Positive peer relationships increase 
motivation and positively affect academic success. 
The attitudes and beliefs regarding learning and academic achievement held by 
people whom the student is emotionally attached (family members and friends) 
profoundly influence academic effort and student’s own beliefs. 
2.4.5 The Role of Attitude and Self-Efficacy in Learning  
The role of attitude in the educational process is assuming increased importance in 
our schools today (Johnstone, 2014). Not only is the acquisition of knowledge 
important now, the appreciation and application of that knowledge is an important 
part of education. 
Many definitions of attitudes could be obtained. One of the earliest definitions of 
attitude is provided by Thurstone (1929) who described an attitude as the ‘affect for 
or against a psychological object’ (cited in Johnstone, 2014). Krech took a new 
approach in 1946 by suggesting that attitudes were aspects of learning, referring to 
those involved in attempting problem-solving questions. Later, the affective nature of 
attitudes was stressed by various researchers, like Katz and Sarnoff in 1954 and 
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Rhine in 1958. But it was in 1963, that Defleur and Westie first argued for ‘precise 
attitudes to specific social objects in specific situations which could be measured. 
According to Johnstone, the various definitions reflect the psychological 
backgrounds of the researchers. However, despite the differences in backgrounds, 
researchers have divided attitude into three components - the cognitive (knowledge), 
affective (feeling) and conative (tendency-towards-action) components. Resources in 
schools have been devoted to cognitive growth and measurement in the past, and less 
emphasis was placed on affective outcomes. According to Hoch (cited in Johnstone, 
2014), the three components are strongly interconnected. The cognitive component 
affects the affective component and vice versa. 
In 1973, Khan and Weiss criticised the neglect of attitudinal outcomes, suggesting 
that they were too important to be neglected (cited in Johnstone, 2014). Whether or 
not they are emphasized by schools, students will still develop attitudes towards the 
subject, teachers and school. By enhancing the attitude component, the cognitive and 
conative components would also be enhanced. Naturally, one easy way to enhance 
attitudes towards the subject is to make the learning enjoyable (Jonas, 2010). 
Another important component of learning is self-efficacy, defined as a sense of 
confidence regarding the performance of specific tasks (Jinks, 1999). This is often 
measured when measuring attitudes towards a subject. According to Jinks, 
performance self-efficacy influences several aspects of behaviour that are important 
of learning, among which are ‘choice of activities’, ‘effort’, and ‘persistence’.  
Students with higher self-efficacy make things happen and thus have a higher 
tendency-towards-action. A higher sense of efficacy results in sustained task 
involvement, which results in higher achievement. Such students will also try 
different strategies and persevere when they encounter difficult questions. 
On the other hand, low self-efficacy usually means less effort, which usually leads to 
less success, resulting in even lower efficacy. Students with lower self-efficacy also 
have lower outcome expectations. Outcome expectation refers to the belief of the 
student regarding the result regardless of the personal efficacy to perform the action. 
For example, a student with high self-efficacy might have low outcome expectation 
if the student feels that the teacher does not like him or her. Both self-efficacy and 
outcome expectations are important to student motivation. 
63 
 
Students who were taught coping strategies to enhance their self-efficacy were more 
likely to put in more effort in their studies, which contributed to academic success 
(Bandura, Adams, & Beyer, 1977). 
It is apparent that besides making lessons enjoyable, teacher-student interpersonal 
relations in a class affect students’ attitudes towards a subject. 
2.4.6 Enhancing Teacher-Student Relationships 
An environment is conducive to learning when the students are not only happy, but 
the teacher enjoys facilitating and motivating students to learn. Other than students’ 
attitude, a good teacher-student relationship is paramount to the creation and 
maintenance of a positive classroom learning environment (Goh, 2002). 
There are many benefits of a classroom with strong student-teacher rapport (Moore, 
2009). First, positive peer pressure is created in the classroom. Secondly, there is 
increased attendance - students enjoy and want to be in the school. Thirdly, there are 
less disciplinary issues as intrinsically motivated students are less likely to make 
poor choices like disrupting lessons. As a consequence, there is greater academic 
achievement as teachers would be able to spend more time facilitating the learning 
process. Another related benefit of better discipline is that learning that lasts become 
possible. This is because experiments and field trips would be easier to administer, 
resulting in more meaningful and authentic learning. Finally, yet another benefit of 
strong teacher-student relationships include teachers being able to enjoy their career 
experiences. On the other hand, without good teacher-student relationship, measures 
like instilling fear are often used to control the class and maintain classroom 
discipline.  
Practical ways in which strong teacher-student relationships may be built in five 
stages or levels (Moore, 2009). Level 1 involves Personal Alignment, where steps to 
strengthen six qualities to manage our personal life are suggested. These include 
developing emotional intelligence so the teacher can be more empathetic and better 
listeners. Other examples consist of being mission-driven, having integrity, being 
able to see own future, living a disciplined life, being able to master habits, and 
maintaining personal good health. 
In Level 2, steps to carry out professional alignment were suggested by building up 
eight qualities that contribute to teacher competency. These included content mastery, 
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being prepared, having positive expectations, being life-long learners ourselves, 
being a better team-player, developing the ability to stay calm in a crisis, being 
appropriately attired, and again, being a great listener.  
In Level 3, steps to build up teacher qualities that contribute to the smooth daily 
operation of the classroom are suggested. The first step is to learn the business of 
teaching, i.e. knowing how attendances are taken, how to decorate the class, how to 
manage finance, how to maintain a grade book, how to hold parent-teacher meetings 
and the like. The second step is to learn how to set classroom routines, such as 
homework collection, how to trace missed homework, grading of daily work, and 
issuing of toilet passes and the like. Other steps include developing clear 
communication skills by learning how to keep language concise, measuring students’ 
progress through the use of clear objectives, sharing high quality work, use of rubrics, 
portfolios, and learning how to teach with a variety of tools (e.g., using smart phones, 
computers, mock conversations, videos, experiments, role plays). 
Level 4 suggests ways of creating an inviting classroom culture, which include 
teaching students how to set goals, reconnecting with our own passion and 
professional purpose, embracing teachable moments, showing students the relevance 
of what they are learning, using humour, and using theatrics. Theatrics include 
anything that helps to make learning fun. For example, reading poetry, inserting field 
trips and other experiential learning, role-playing, using manipulatives, playing 
games, doing demonstrations, doing experiments, carrying out group work, carrying 
out project work, using student teaching, and using computers for learning. 
Going on to Level 5, a further four more steps are suggested to build qualities that 
can help teachers win the trust of our students. In this stage, teachers can be 
inspirational by finding out what motivates the class. This can be independence, 
curiosity, acceptance, order, social contact, or family. Again, further developing on 
emotional quotient, a teacher’s ability to express empathy and meet unexpressed 
needs play an important role in winning students’ trust. Teachers should have good 
observation skills, listening skills as well as intuition skills. Lastly, teachers can also 
unleash students’ potential by pushing students beyond their comfort zone.  
Further to these practical ways to improve teacher-student relationships, Moore also 
suggested four keys to building a strong teacher-student relationship. 
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The first key is that enduringly happy teachers yield enduringly happy students. 
These teachers draw on their central core of strength when working with students. 
Teachers’ enduring happiness and principle-centred core is what allows them to 
weather the storms of education. 
The second key includes closing the teacher-student gap, somewhat like closing the 
generation gap. Doing so makes it easier for the teacher to win the trust of their 
students as knowing that the teacher is even remotely in touch with their world 
makes it more likely for students to be open to their teacher’s teaching. 
The third key is to motivate the student. Great teachers inspire their students, often 
revealing talents that are unknown even to the students themselves. Students’ 
motivation lies in two areas - the first motivator is the human need to feel important 
and the second is pleasure-seeking or pain-avoidance. For example, students who 
watch too much TV or play too much computer games have desires for instant 
gratification greater than their vision of their future. 
The last key involves motivating students with an action plan, so there is motivation 
with a goal. To accomplish this, the teachers must meet the students’ needs to feel 
safe, cared for and important. The greater the clarity the student has of their future, 
the more motivated they will be in the present. 
2.4.7 Summary 
As we begin the 21st century, rapid change has become an accepted part of our 
society and people are required to adapt as ideas become quickly obsolete. The 
ability to think is a valuable skill in such an environment so thinking programs must 
be implemented in schools. A good way to foster thinking is through the learning of 
science. 
Learning theories address how people learn. As teaching and learning are two sides 
of the same coin, a good foundation in learning theories would help to improve how 
we teach, including how we teach science as a subject. In particular, through 
sociocultural learning theories, we learn how learning can be made meaningful and 
authentic through discussions and how by making time for discussions, 
misconceptions in science may be reduced.  
66 
 
It has been shown how computers have become an integral part of everyday life in 
Singapore in this 21st century. Computers and other forms of technology are useful in 
education as they are extremely powerful educational tools, if appropriately used.  
By giving opportunities for our students to use technology as a tool for learning, 
many vital computer skills are acquired naturally, preparing them for life in this 
modern world. ICT is also an important platform to foster independent learning in 
students. If we are serious about developing future citizens who are confident, self-
directed life-long learners, it is crucial that we, as adults, give opportunities to our 
children, who are our future, to learn how to be independent and self-regulated 
learners. 
Linking to the sociocultural learning theories, it has been demonstrated that there are 
other factors that can influence students’ learning. The important roles of attitude and 
student-teacher interpersonal relationships in learning were described in the last 
section which reiterated their important place in learning. By attitude, we saw that it 
encompasses self-efficacy of a student. 
What are recognized as good teaching and learning pedagogies were introduced and 
put forward in Section 2.4. Assessment approaches that encourage the sets of skills 
and values in our students in the teaching and learning of science should thus be 
encouraged and emphasized. In the next section, Section 2.5, I hope to introduce 
these approaches. 
2.5 ASSESSMENT 
Section 2.5 includes four sub-sections. Section 2.5.1 gives an introduction into the 
roles of assessment in education and some of its negative effects. This is followed by 
Section 2.5.2 which discusses the various types of assessment, with particular 
interest on assessment for learning. In this section, reasons on why more emphasis on 
this form of assessment are offered. Next, Section 2.5.3 focuses on alternative 
assessments methods that make assessment less stressful without loss of rigor. From 
these, alternative assessments that are feasible and sustainable for use in the large 
class size of a typical neighbourhood Singapore Secondary classroom are 




Assessment has its place in education. Although it is one of the least preferred 
activity in schools, some of its important roles include providing feedback to the 
learners, determining stated objectives have been achieved, providing information to 
improve curricula, helping students in personal decision-making (which subject or 
course to select, career to choose), and showing how well students perform in school 
(to parents, employers, government planners). Standardized tests, be it school-based, 
national or international are objective ways of meeting demands for greater 
accountability in schools. 
However, despite its necessity, it is important to make assessment less stressful for 
our students. Sutton wrote about the negative effects of assessment, which includes 
performance anxiety, fear of failure, increased effort and increased severity of 
students' psychological problems (Sutton, 2004).  
According to the Straits Times (Wee, 2012a), in Singapore, depression in our young 
is already significant enough to warrant a separate mention in the guidelines on 
depression by the Ministry of Health. Wee (2012b) wrote that the earlier onset of 
depression and anxiety in our young was because our society places strong emphasis 
on excellence and meritocracy and that youths become anxious and stressed when 
they do not measure up to the high demands.  
Manning and Bucher also wrote about other negative effects of assessment, stating 
that too much emphasis on assessment could take a toll on our students’ self-esteem 
(Manning & Bucher, 2005). Nicol and MacFarlane-Dick remind us of the importance 
of motivation and self-esteem in learning. They wrote that frequent high-stakes 
assessment had a negative impact on motivation for learning and that it militates 
against preparation for lifelong learning, the very value which we hope to see in our 
future citizens (Nicol & MacFarlane-Dick, 2006).  
Is it possible to carry out assessment without imposing too much stress on our 
students? Can we do this without sacrificing the rigour of the assessment? A section 
on a literature review on assessment for learning and a section on alternative 
assessments are introduced in the next two sections in the hope of looking for ways 
to carry out the important task of assessment in a less stressful manner.  
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At the same time, these suggested alternative assessment methods would help to 
promote some of the other values in our students, in particular, being independent 
self-regulated learners. The use of self-assessment and peer-assessment methods and 
the use of rubrics and study logs and how they might be carried out in the Singapore 
context are thus included in this section. 
2.5.2 Assessment for Understanding 
Evaluation is the judgment of a measurement (normally the data collection obtained 
from tests and examinations) while assessment is the interpretation of the data 
collected. Although there is a distinction between evaluation and assessment, the two 
terms have been used interchangeably.  
Assessment may be divided into three main categories - formative assessment (which 
helps us to track students’ progress during learning), summative assessment 
(evaluation at the end of learning experience) and diagnostic assessment (which 
helps us to determine the causes of deficiencies). Formative assessment is also 
known as ‘assessment for learning’ while summative assessment is also known as 
‘assessment of learning’. When assessment is used as a platform for learning it is 
‘assessment as learning’ (Leong, 2014). 
All three types of assessments are carried out in schools to varying degrees and often 
in conjunction. However, summative assessment outweighs the other two types of 
assessment as it has direct bearing over a student’s progression within the school or 
to an institution of higher learning upon leaving the school. As they are usually 
standardized to ensure a high degree of validity and reliability, they are also known 
as standardized tests. In addition, as high-stakes are usually involved, such 
summative assessment is also known as high-stakes assessment and is usually 
associated with a corresponding high degree of stress. 
Gagné wrote about some of the positive effects of formative assessment, which 
include encouraging active learning, guiding choice of further instructional activities, 
and helping students feel a sense of accomplishment.  
Gibbs reminds us that assessment is not about measurement, but about learning. 
According to him, the most rigourous and reliable assessment systems are often 
accompanied by dull and lifeless learning with short-lasting outcomes, that some 
assessments generate unhelpful learning activity even if they produced reliable marks, 
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and that we might be encouraging students to obtain marks at the expense of their 
learning (Gibbs, 2004). The Singapore education system consists of one of the most 
rigourous and reliable assessment systems. Thus far, it does not seem to be 
accompanied by dull and lifeless learning. However, it does seem to have generated 
unhelpful learning activities like perhaps answering questions by rote.  
Darling-Hammond (1995) asks if students answer questions by rote. If we provide 
assessments that have a real-world orientation and are indicative of authentic 
learning, it would be more meaningful than the regurgitation of facts and rote 
memorization. Indeed, quite a fair number of my students have become 
examinations-smart, at least, for those who do well. Students who do well might 
seem to merely concentrate on passing examinations rather than on understanding the 
subject. If we do not want students to be merely examinations-smart, then we must 
help our students to prepare for the standardized tests without compromising our 
beliefs about the importance of constructivist ideas in teaching. 
Meaningful assessment practices are supposed to promote learning. A constructivist 
model can be used to show how teaching, learning and assessment are interactively 
related and that assessment is both for learning and of learning (Hackling, 2004). 
Hackling wrote that we could go about collecting the evidence of students' learning 
through observation and conferencing, asking closed and open questions, giving 
students opportunities to do project work and carry out investigations, keeping 
portfolios, and by using rubrics. Hackling also suggested that quality assessment 
should be authentic, fair, comparable and educative besides being valid and reliable. 
In the next section, these alternative forms of assessment for learning are introduced 
and elaborated in greater details. 
2.5.3 Alternative Assessment 
Tan (2011) lamented the lack of a clear-cut definition of what alternative assessment 
is. According to Tan, literature abounds with descriptions of what it is not but not 
what it is, often describing it as an assessment that is not reduced to a paper and pen 
test or examination. Tan defined alternative assessment as ‘assessment practices 
characterized as an alternative to standardized tests in controlled environments’ (Tan, 
2011, p. 9). According to Tan, alternative assessment is viewed as having primarily 
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formative function. This being true, alternative assessment would help teachers 
assess students for their learning and understanding. 
Therefore according to Tan, alternative assessment in Singapore has three 
characteristics - it has the capacity to be contextualized for recognizing different 
learning outcomes in diverse authentic contexts, it has the capacity for students to be 
involved in the assessment process, and it is applied in real-world contexts that 
expand the potential for greater student involvement and scope of assessment. As 
alternative assessment emphasizes assessment and learning in a more holistic way, it 
leads to meaningful student involvement that enhances holistic understanding. This is 
understanding which includes knowing how well different knowledges are connected 
with each other, rather than on simply on how much a single knowledge is 
understood. 
Print stated that besides standardized tests and teacher-made tests, other 
measurement instruments for alternative assessment may include oral tests, 
systematic observation, interviews, questionnaires, checklists and rating scales, self-
reports, sociograms, and anecdotal records (Print, 1993).  
When we look at this list, we realize that alternative assessment instruments can be 
more subjective, and less rigourous when compared to paper and pencil tests with set 
marking schemes. Secondly, the use of conferencing, interviews, and observations 
would be difficult to sustain in practice, especially in the current Singapore context, 
where the teacher to student ratio is still large, given the existing stressful results 
orientated environment. 
One way to overcome the problem in rigour is to make any alternative grading 
methods more effective by making it explicit, quantifiable, and precise. For example, 
in the use of rubrics which is increasing used in recent years, the most effective 
rubrics are developed when collaboratively developed together with students. 
We certainly use a lot of standardized and teacher-made tests in our Singapore 
schools. We have also been using a fair share of alternative assessments. 
Traditionally, oral tests for subjects like English and Mother Tongue and we carry 
out systematic observation for Science Practical Examinations. More teachers use 
rubrics to assess project work in an increasing number of subjects, ranging from 
Science to Geography. Such alternative assessment instruments are more tedious to 
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conduct in practice. Is there an alternative that would be more sustainable in the 
Singapore context? 
Nicol and MacFarlane-Dick (2006) also wrote that if students are to be prepared for 
learning throughout their lives, they must be given the opportunities to develop the 
capacity to regulate their own learning. According to him, learners who are more 
self-regulated are more effective learners. When we do everything for our students, 
we are denying students the opportunities to learn how to be self-regulated and 
independent learners. Instead, we, as teachers, need to create opportunities for 
students to self-monitor and to evaluate and feedback on each other's work. Such 
formative assessment and feedback can help students take control of their own 
learning. This would be a good example of ‘assessment as learning’. 
Whether it is for ‘assessment as learning’ or ‘assessment for learning’, one of the 
simplest ways we can encourage students to be self-regulated learners is by 
encouraging them to keep a study log. Leong suggested that self-reflection questions 
may include ‘What did you like about your work?’, ‘What was difficult about this 
piece of work?’, ‘What would have made the work better?’, ‘What do you think you 
still need to work on?’, and ‘What do you now know that you did not know before?’  
Furthermore, students' reflections could also include the type of feedback they want 
from the teacher, the good questions/comments during group work and what they 
would like to learn in the subsequent lesson (Nicol & MacFarlane-Dick, 2006).  
Self-regulation is developed in the active monitoring and regulation of learning 
processes such as setting of goals and strategies to achieve these goals. In this log 
book, students could write not just the goals but the strategies to meet the goals, the 
number of hours they spent on the topic and their reactions to their marks or 
comments given by teachers in their daily work. This log could help students think 
about their work and be more reflective.  
There are other things a teacher should do too, besides providing opportunities for 
students to be self-regulated learners. For instance, teachers could clarify what good 
performance is and facilitate in self-assessment. Teachers could give high-quality 
feedback and encourage teacher and peer dialogues. Teachers could encourage 
positive motivation and self-esteem, and provide students with opportunities to close 
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the gap. And teachers could also make use of online tests that are designed to give 
feedback any time, any place and with unlimited times.  
Students could also be involved in peer-assessment. To ensure that peer-assessment 
is reliable, this can be used in conjunction with teacher-feedback, with the grade 
provided only after self-assessment, peer-assessment or teacher feedback has been 
completed. 
In a typical large classroom setting, if teacher-feedback is not a viable method, 
simply encouraging self-assessment in conjunction with peer assessment helps to 
promote ‘assessment for learning’ and ‘assessment as learning’. Best of all, carrying 
out these alternative forms of assessment makes assessment less stressful if not more 
enjoyable. 
2.5.4 Summary 
In the literature review above, I have shared how high-stakes standardized testing 
may have negative impact on our students. To counter these negative effects, some 
alternative forms of assessment methods that could be used in our Singapore classes 
were introduced in the hope that they can help to reduce examinations stress without 
sacrificing too much on rigour. For example, the use of effective rubrics that are 
developed collaboratively by teachers together with students, the use of study logs 
that not only promote reflective thinking but also self-regulated learning. Self-
assessment used in conjunction with teacher-assessment or in cases where this is not 
feasible, in conjunction with peer-assessment were suggested as ways to promote 
meaningful learning.  
To many teachers, some products are less important than the process. For example, 
project work carried out in groups can engage students in much discussion so the 
report that is marked may be less important than the learning process that created it. 
Lastly, the move by our new minister of education to emphasize character building 
should come in conjunction with changes in assessment. As early as 1993, Print 
stated that standardized tests have a high degree of validity and reliability but can be 
inappropriate if they are exclusive measures of performance. Unless the less stressful 
alternative forms of assessment can be given more weighting, high-stakes assessment 




2.6 SCHOOL CLIMATE AND CULTURE 
In the last part of my literature review, I would like to include a short section on 
school climate and culture. Ramsey (2008) wrote that a school culture ‘determines 
how honest people are, how happy they are, how hard they will work, how loyal they 
will be, and how much they are willing to put up with. It is the culture that attracts 
people to the organization or drives them away. A school can only be as good as its 
culture allows it to be. In a school where there is good school culture, the school 
climate would be positive for learning and growing. 
Why is a good school culture with good school climate important? Ramsey used the 
metaphor of a frail and fragile canary to represent the student. He wrote that just as 
canaries are easily affected by poor air quality, our students cannot thrive in a school 
with a culture that is toxic.  
So how can we recognize when the culture in a school becomes toxic? School 
climate can be gauged informally by asking ourselves the following questions: Are 
teachers burnout or counting days to retirement? Are there high turn-over rates? Are 
teachers, middle management and school leaders too consumed with testing? Is 
decision making top-down? Is there an undercurrent of complaints?  
In addition, what is missing in an organization is also a good indicator of the school 
culture. In a culture that is positive, passion, laughter, frivolity, wonder, and fun 
cannot be missing from the organization. 
2.6.1 What School Leaders Can Do 
If the signs indicate that there is something amiss with the school culture, can 
anything be done? A school culture is organic and can be changed (Ramsey, 2008). 
Everyone has a part to play to improve school culture. However, building a good 
school culture begins with servant leadership.  
A good school culture cannot be built by leaders with a drive for status and power 
whose only concern is to advance their own career. In servant leadership, the leader 
serves the organisation, instead of controlling it. Leadership exists for the benefit of 
the followers, and humility is the core. The traits of a servant-leader include a whole 
list of attributes, ranging from having passion, strong moral compass, trustworthiness 
and credibility, non-judgemental attitude, to having a beginner’s eye, boldness, is 
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quick thinking, having humour, and patience. Good leaders also need to know when 
to push and when to wait. They go slow and start small. 
Next, school leaders can create a culture that benefits everyone and prompts peak 
performance by following these steps like declaring war on rudeness, walking the 
talk, making it okay for people to make mistakes, celebrating together often, 
surprising people; and simplifying the organization. 
Other culture building steps include:  
1. Appreciative inquiry: build on existing strengths;  
2. Create and expand connections (i.e. relationships): connections are the core of the 
culture and relationships are the way leaders get things done. David Gergen (2001) 
wrote that ‘at the heart of learning is the leader’s relationships with followers’;  
3. Dare to discuss core values: inspire your staff;  
4. Use language to shape the culture: words are powerful. Be generous with authentic 
praise;  
5. Spend 50 percent of your time with the middle 70 percent of your staff;  
6. Use the power of good news;  
7. Make some physical changes in the environment (e.g. round table for meetings);  
8. Walk around to see where help is needed;  
9. Dare to be silly;  
10. Be prepared: to hold conferences, give pep talks, handle confrontations, explain 
and sell ideas, deal with crises, and ask ‘what if’ questions;  
11. Hire culture builders: hire people who are better than yourself; and lastly  
12. Get out often: attend conferences and seminars to get new ideas. 
School leaders can provide staff with freedom, especially the freedom to fail, 
because freedom uncorks the bottle on creativity (Ramsey, 2008). According to him, 
school leaders should simply point people in the right direction and then get out of 
the way.  
Next, for empower staff, that is, to give staff the power to make choices, Ramsey 
goes as far as saying giving staff the choice on how to use funds, to make public 
statements without approval, and to set seemingly frivolous goals. Trust is important 
in building strong school culture.  
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Other steps school leaders can take to improve school culture include hiring the right 
people, in particular, teachers who are genuinely passionate about children. They 
should recruit tomorrow’s culture builder. Once this is achieved, the next step would 
be to promote loyalty of these staff to the school. School leaders should strengthen 
these connections within the culture, and be intentional about staff morale. Schools 
should provide staff development opportunities and develop mentorship programmes. 
There are many things school leaders can do! Leaders may also build up the culture 
of innovation, recognize outstanding performance and invest in culture building. 
2.6.2 What Teachers Can Do 
On the other hand, what can teachers also do in class to help improve school culture? 
We all know that ultimately, it is the student who chooses to think and learn, or not. 
School is a partnership with students. When learning becomes engaging and 
meaningful to students, discipline issues decrease while academic interest increases.  
Emerging research on the brain and learning confirms that the brain ‘lights up’ for 
complex, challenging social and contextualized experiences. The brain is wired to 
make connections, construct meaning and solve problems. We need to interact in a 
social manner to develop understandings. This means that the model of education 
where students sit silently and motionless in rows goes contrary to what brain 
research indicate. Such educational practices interfere with these processes natural to 
the brain and fights against the way our brain really works best.  
Thus, teachers can first of all try to make learning engaging and meaningful for 
students in classes. There are many things teachers can do to achieve this. One thing 
teachers can do is to provide students with choices of learning in order to make 
learning more dynamic. The process or product is the most basic and common 
method of personalizing learning. For example, students may also be provided with 
what is known as ‘Assignment choices’. This has commonly be used in differentiated 
learning, for example, Science students may choose to present their understanding 
via Powerpoint slides, a laboratory report, a narrated video, an essay or a cartoon. 
Students must show that they understand the key science concepts and be able to 
communicate their understanding clearly, regardless of the format. 
Students may also be offered the choice of a differentiated learning process. Here, 
students are allowed to choose to work alone, work in groups, to follow the teacher 
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or even create their own lessons of learning. Students are given a few assignments 
concurrently with a due date for all the assignments. Teachers can also offer students 
opportunity to modify assignments. This invites students to take responsibility for 
their learning needs. 
Lastly, instead of covering the curriculum, students can be led to uncover and 
discover. More routes to learning would vary more as more choices are given. Giving 
students choices does not mean giving up control; the teacher retains ultimate 
decision-making authority in the classrooms and creates the parameters within which 
the students can exercise their independence. 
Another way teachers may engage students is by using Problem-based Learning 
(PBL). Students are challenged with problems to solve rather than being given 
textbook exercises to complete. The most powerful learning experiences often 
involve students working on authentic, real-world problems which make learning 
alive and meaningful. 
Yet another way teachers can help to build school culture is by providing students 
with learning opportunities beyond the school through service learning in the 
community. Not every learning experience needs to occur in the classroom within the 
35 minute or so class period. Curriculum can be broadened to include fundamental 
assets of service, teamwork, compassion, persistence, making good choices and the 
like. 
Teachers may also employ the use of assessment for learning for continuous 
improvements. This also provide students with opportunities to be reflective: What is 
working well? What needs to be modified? What are the logical next steps?  
Finally, discipline in classrooms would be less about punishment but more about 
restorative justice and rectifying the situation. 
2.6.3 Summary 
A school can only be as good as its culture allows it to be.’ In a school where there is 
good school culture, the school climate would be positive for learning and growing. 
Everyone has a part to play to improve school culture. Building a good school culture 
begins with servant leadership. A leader leads by example and is often not only 
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passionate in endeavour but also patient with his/her staff. In a nutshell, school 
leaders can build a strong school culture by making staff feel valued. 
Likewise, teachers may do their part to improve school culture. Teachers may build 
stronger relationships in classrooms through shared work, when individual students 
are empowered and valued. Students are encouraged and empowered to take 
responsibility for their learning needs. 
As results ultimately counts, teachers should always clearly connect the means with 
the ends. The ‘means’ includes steps like improving teacher-student relationships, 
improving student engagement, and improving teacher effectiveness while the ‘end’ 
refers to decreased discipline problems and improved student learning.  
 
2.7 SUMMARY 
In the first section of this chapter, literature review on learning environment and how 
it may be studied was described. Some established instruments that were more 
extensively used in Asia were next highlighted and studied in more detail. A 
literature review on how some of these instruments had been used in Singapore was 
next carried out. From here, instruments that would be appropriate for use in this 
study were selected.  
The WIHIC (with both its Actual and Preferred versions) was selected to assess the 
learning environment on seven different scales in this study. Next, a literature review 
on attitude towards science was conducted, resulting in the selection of the three 
outcomes scales on attitudes in the TROFLEI and the QTI (Student version) to 
complement the use of the WIHIC. As literature review supported the use of the 
instruments in conjunction, the TROFLEI scales would help to determine the 
attitudes towards the subjects while the QTI would help to determine the attitudes of 
the students towards the teacher-student relationships, giving a more comprehensive 
view of the classroom environment. 
The literature review on learning environments showed some gaps in past research 
that could be addressed in this study. Past research in Singapore have been few and 
were mainly conducted in Chemistry, Mathematics, Geography and Chinese 
Language classrooms and in Science Laboratory settings. This study not only adds 
on to the lack of research in learning environments in Singapore, it also helps to shed 
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more information on how the WIHIC and QTI are used particularly in the area of 
Science classroom environments.  
The literature review on the assessment of science showed how attitudes and the 
learning environment impact achievement. However, although achievement 
outcomes are important, other outcomes are also important. Our people need to 
become independent lifelong learners with a passion to learn new skills and 
knowledge in order to succeed and adapt to a fast changing global future. If our 
students are to be future life-long learners, they must first learn to be independent 
self-regulated learners now. Searching for alternative ways of assessment may not 
only make schooling less stressful, it would also help us take the first step to 
developing independence in our students, killing two birds with one stone.  
Alternative forms of assessments also tend to make assessment more authentic, 
thereby helping to make learning more meaningful to our students. Self-assessment 
and keeping study logs give opportunities for students to develop the capacity to be 
self-reflective and critical, yet another attribute that is important for work in the 21st 
century. Promoting alternative forms of assessment ‘for learning’ and ‘as learning’ 
would be an important step towards preparing our students for learning throughout 
their lives long after graduation.  
Finally, we saw in this chapter that a school can only be as good as its culture allows 
it to be. In a school where there is good school culture, the school climate would be 
positive for learning and growing. We also say that everyone has a part to play to 
improve school culture. Beginning with school leaders who lead the school by 
example, school leaders can build a strong school culture by making staff feel valued. 
Likewise, teachers need to do their part to improve school culture. One way is to 
make students feel valued too. More opportunities may be given to students to make 
their own choices. Students thus empowered take more responsibility of their own 
learning needs. 
As results ultimately counts, teachers should always clearly connect the means with 
the ends. The ‘means’ includes steps like improving teacher-student relationships, 
improving student engagement, and improving teacher effectiveness while the ‘end’ 
refers to decreased discipline problems and improved student learning.  
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In our quest for excellence, it is easy for schools to lose sight of what is truly 
important. In a results-driven education system, it is often difficult to say ‘yes’ to 
intangible benefits which are equally if not more important. Focusing our attention 
on the individual experiences and perspectives of students is the key to transform 
schools into engaging learning communities with strong school culture - a place 
where every child finds success and a place where learning can be enjoyable. If 
learning is made more enjoyable, our students would naturally grow into adults who 
want to learn throughout their lives. 






Methodologists, get to work! 
-- C. Wright Mills 
 
3.1 INTRODUCTION 
According to Gerring, there is a distinction between ‘methods’ and ‘methodology’. 
The first refers to “a specific procedure for gathering and/or analysing data” while 
the latter refers to “the tasks, strategies, and criteria governing scientific inquiry, 
including all facets of the research enterprise” (Gerring, 2012, p. 6). Although 
methodology is important, there should be a good balance between ‘discussion about 
how to get there’ and actually doing something ‘about what’s there’. In this chapter, 
the methodology of the study is described and presented. 
In Section 3.2, types of research methods are introduced. This is followed by a 
description of the research design employed in this study in Section 3.3. Next, in 
Section 3.4, the research sample is described. In Section 3.5, the research questions 
are presented again, this time with elaboration on how they were formed and 
addressed based on theory derived from the literature review in the previous chapter. 
In Section 3.6, a description of how the instruments were derived is included, with 
explanations of how the qualitative aspect was combined with the quantitative 
component of the study. In Section 3.7, the pilot test why two tests were used are 
described. This is followed by a description of the actual data collection in Section 
3.8. Details of the process for data collection are described, such as when the data 
collection took place and how the computer laboratories were assigned. Data 
collection also involved achievement scores in Science for the mid-year 
examinations which took place in the same month. Details of the process of data 
analysis are also described in this section. In addition, the ethical considerations for 





3.2 TYPES OF RESEARCH  
Research can be grouped into two different types - quantitative and qualitative. 
Bryman stated that both quantitative and qualitative research can be viewed as a 
means of exhibiting a set of distinctive but contrasting pre-occupations (Bryman, 
2012).  
Quantitative research is a means for testing objective theories by 
examining the relationship among variables. These variables can be 
measured, typically using instruments, so that numbered data can be 
analysed using statistical procedures. (Creswell, 2009, p. 233) 
The reporting structure for such research studies usually consists of an introduction, 
literature, methods, results and discussion.  
In the field of education, quantitative research methods that make use of statistical 
information obtained from instruments have provided information on students’ 
perceptions of the classroom psychosocial environment. For example, the What Is 
Happening In this Class? (WIHIC) for both Actual and Preferred versions were 
administered to 2,310 students in 75 Junior College classes for Geography and 
Mathematics in Singapore by Chionh and Fraser (2000). Statistical analysis of the 
responses provided objective understanding of what was happening in the Geography 
and Mathematics classrooms from the perspectives of the students. It also provided 
objective understanding of what the students preferred in their classrooms.  
Qualitative research is a means for exploring and understanding the 
meaning individuals or groups ascribe to a social or human problem. 
(Creswell, 2009, p. 232) 
Mason enlarged the definition of qualitative research as “an umbrella term for an 
array of attitudes and strategies for conducting inquiry aimed at discerning how 
human beings understand, experience, interpret and produce the social world” 
(Mason, 1996). 
In the field of education, qualitative methods include conducting classroom 
observations, the use of journals and other written work of the students, interviewing 
students and teachers and use of open-ended questions. For example, face-to-face 
and email interviews with students and teachers and photographs were taken and 
classroom observations were conducted in a study conducted in Korea involving 439 
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students in 13 classes. The information obtained from interviews with teachers 
helped to give background information on the practical situation in the class and 
school and helped to give a more in-depth and complete understanding of the 
environment. 
Instead of choosing one research method over the other, both methods are now 
commonly used in conjunction with each other in many educational research studies 
in what is known as mixed-method research so that the best of both worlds is 
obtained. Furthermore, either one of the methods can complement the other, for 
example, in research studies where data collection was carried out using observations 
and interview sessions, surveys can be conducted to give an added perspective of 
students’ and teachers’ views of the environment.  
In cases where instruments were used to describe the classroom environment, 
observations and interviews can be conducted to give an added perspective that 
explains some of the responses obtained from the instruments. For example, in the 
Korean study mentioned above, the qualitative method was used in conjunction with 
the use of learning environment surveys like the Science Laboratory Environment 
Inventory (SLEI), Constructivist Learning Environment Survey (CLES) and 
Questionnaire on Teacher Interaction (QTI). The findings from qualitative analyses 
replicated the findings from the quantitative analyses.  
 
3.3 THE RESEARCH DESIGN 
According to Creswell (2009), there are four aspects to consider when planning a 
mixed-method design for research - timing, weighting, mixing and theorizing. 
Timing of data collection refers to whether data would be collected in one phase 
concurrently or in phases sequentially. Weighting refers to the priority given to the 
two research methods, for example, would it be equal or would more weighting be 
given to one of the methods. Mixing refers to the mixing of the data, for example, 
embedding the qualitative component into the quantitative component. Theorizing 
refers to the consideration from a larger theoretical perspective. Table 3.1 shows a 
summary of the four aspects of consideration. 
83 
 
Table 3.1  
Aspects to Consider in Planning a Mixed-Methods Design (Adapted from Creswell, 
2009) 
Timing Weighting Mixing Theorizing 




Sequential with qualitative first More qualitative Connecting 
Sequential with quantitative first More quantitative Embedding 
 
As the qualitative and the quantitative data are collected concurrently, the concurrent 
design is employed in this study. There would be only one data collection phase so 
that collection of both qualitative and quantitative data would be carried out 
simultaneously. According to Lewis-Beck et al. (2004), qualitative data can be 
embedded in the questionnaires employed. In this study, the use of open-ended 
questions in the Getting to Know You (GTKY) questionnaire would provide the 
qualitative aspect of the study. As the qualitative component would be embedded in 
the GTKY instrument, the concurrent embedded strategy was employed, with more 
quantitative weighting.  
The mixed-method approach was used to gain a more complete picture of the 
Science classroom learning environment using both quantitative and qualitative 
methods. The quantitative component was achieved through the use of four 
instruments and the examinations results while the qualitative component played a 
supportive role through the use of open-ended questions in the self-designed GTKY 
instrument. The qualitative component embedded in the quantitative component 
would be used to provide in-depth results presented in the next chapter. Figure 3.1 
















Analyses of Findings 
 
Figure 3.1.   The concurrent embedded mixed-method research theoretical 
framework of this study. 
Based on the research design, a conceptual framework was developed for the purpose 















Figure 3.2.   The conceptual framework of this study. 
       Level  






































 as the Exit 
level 
 
Quantitative Research using: 
1. GTKY instrument 
(Attitude scales section) 
2. WIHIC (Actual) instrument 
3. WIHIC (Preferred) instrument 
4. QTI instrument 
5. Mid-Year Examinations scores 
 
Qualitative Research using: 





To determine if students were able to enjoy Science in a neighbourhood Secondary 
school, two levels of students were selected - the entry level which consists of 
students from Secondary One level entering the school while the exit level consists 
of Secondary Four and Five students graduating from the school. If students were 
still enjoying Science by the time they left school, it would mean that enjoying 
Science in a Singapore school is not an oxymoron. The level and gender of these 
students make up the independent variables in this study. 
The dependent variables would consist of the actual and preferred Science classroom 
learning environments as measured by the WIHIC (Actual and Preferred) 
instruments, the teacher-student interactions as measured by the QTI (Student) 
instrument, the attitude to Science of students as measured by the Attitude scales in 
the GTKY questionnaire, and Science achievement as measured by the Mid-year 
examination scores.   
 
3.4 THE SAMPLE 
This study was conducted in a middle-ranked neighbourhood school (See Appendix 
2). Singapore schools are ranked according to the results achieved by the school in 
national examinations. A miiddle-ranked school refers to a school ranked in the 
middle. The school is situated in an older HDB estate and has a student population of 
1120. The Secondary One Science students entering the school were taken to be the 
Entry level while the Secondary Four and Five graduating Science students were 
taken to be the Exit level.  
In total, 238 Secondary One students (86.9% of the cohort) and 274 Secondary 
Four/Five students (82.5% of the cohort) agreed to participate in this study. 
Altogether, 512 students in 16 classes participated in this study. See Table 3.2 for a 




















150 124 198 23 22 31 NA 4 
Exp 4 
Total  16 292 220 373 52 38 49 
Percentage   43% 57% 73% 10% 7% 10% 
3.5 THE RESEARCH QUESTIONS 
To achieve the aim of the study, that is, to find out if students are enjoying learning 
Science in a typical neighbourhood Secondary school in Singapore, six sets of 
research questions were developed which then became the focus of study.  
 
Research Question 1 
Are the instruments used, namely, the What Is Happening In this Class? (Actual and 
Preferred), the Questionnaire on Teacher Interaction (Student version), and the 
attitude scales in Getting to Know You, reliable and valid instruments for studying 
Science learning environments in a Singapore Secondary school?  
To begin, I needed to develop an understanding of the learning environments of the 
Science classrooms in the Singapore Secondary school. Based on the literature 
review on learning environments in the previous chapter, the WIHIC, one of the most 
robust instruments for measuring learning environments, was selected for capturing 
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information on the Science learning environments. Both Actual and Preferred 
versions were administered to measure this. 
Next, the QTI and the attitude scales from the TROFLEI were selected for use in 
conjunction with the WIHIC in order to capture a more holistic picture of the 
environment. The second questionnaire, the QTI (Student version), was selected as it 
would give insights into student-teacher interpersonal relationships in the classroom 
environment, thereby providing more insights into classroom dynamics. The 
TROFLEI was incorporated into the third questionnaire, the GTKY as it comprised a 
comprehensive set of affective outcomes scales which helped to capture students’ 
attitude towards Science in these classrooms. Moreover, based on the literature 
review, the QTI and TROFLEI also have strong validity and reliability for use in the 
Singapore context.  
Although the WIHIC scales, the QTI scales and the Attitude scales used in GTKY 
have proven reliability and validity, the internal consistency and discriminant validity 
of any psychosocial measurement instrument should be checked in the setting that it 
is used before any other results derived from the questionnaires can be used with 
confidence. This gave rise to my first research question. 
Research Question 2 
a. What are students’ perceptions of the actual Science learning environment in a 
neighbourhood Secondary school? 
b. What are students’ preferred Science learning environments in a neighbourhood 
Secondary school? 
c. Are there any differences between students’ perceptions of the actual learning 
environment and what they would prefer it to be? 
d. What are students’ perceptions of their teacher-student interactions? 
e. What are students’ attitudes towards Science in a neighbourhood Secondary school? 
Once reliability and validity were established, the second research question was 
formed to provide information in three main areas for a comprehensive picture of the 
Science classroom environment - the classroom environment itself using the WIHIC, 
the teacher-student interactions using the QTI, and attitudes of the students involved 
in the study using the Attitude scales in the GTKY.  
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To investigate classroom environment, the actual and preferred Science classroom 
environments were measured using the WIHIC (Actual) to the WIHIC (Preferred) 
respectively. Statistical tests conducted to compare the WIHIC (Actual) to the 
WIHIC (Preferred) would be able to reveal if the students were happy in the 
classroom environments as the closer the actual and preferred environments are to 
each other, the happier the students are in the Science classrooms. 
The QTI was used to give added insights into teacher-student interpersonal 
relationships. Better relationships would mean happier students in the Science 
classrooms.  
In addition, the Attitude scales in the GTKY, measuring attitude towards the subject, 
towards computer usage and academic efficacy, gave a comprehensive picture of 
students’ attitude towards Science and helped to indicate if the students were 
enjoying Science as students who enjoy a subject would tend to have better attitudes 
towards the subject.  
Research Question 3 
Are there differences in students’ perception of the actual Science learning 
environment, preferred Science learning environment, teacher-student interactions, 
and students’ attitudes towards Science between the graduating classes and 
Secondary One classes? 
Once a comprehensive picture of the Science environments was obtained, to 
determine if students were still enjoying Science by the time they left Secondary 
school, I needed to compare Secondary Four and Five graduating students exiting the 
school with Secondary One students entering the school. This gave rise to the third 
research question. 
Research Question 4 
Are there gender differences in students’ perception of the actual Science learning 
environment, preferred Science learning environment, teacher-student interactions, 
and students’ attitudes towards Science? 
Further investigations were undertaken to ascertain whether the results were also 
related to the gender of the students. This gave rise to the fourth research question. 
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If students enjoyed Science by the time they left school, statistical tests generated for 
the third research question would reveal significant positive grade-level differences. 
Positive gender differences obtained from the fourth research question would show 
that the results obtained in the third research question were related to gender of the 
students. 
Research Question 5 
a. What associations are there between students’ perceptions of their Science 
environment and their attitudes towards Science? 
b. What associations are there between students’ perceptions of their Science 
environment and their achievement in Science? 
c. What associations are there between teacher-student interactions and their attitudes 
towards Science? 
d. What associations are there between teacher-student interactions and their 
achievement in Science? 
The fifth research question was formed to confirm associations between learning 
environment and attitudes towards Science and performance in the subject and 
associations between teacher-student interactions and attitudes towards Science and 
performance in the subject. These associations could help to confirm results from the 
second research question. 
Simple and multiple regressions would be carried out to investigate such associations. 
Results from this question would help to support literature reviews that emphasize 
the importance of improving classroom learning environments and teacher-student 
interpersonal relationships.  
Research Question 6 
In a neighbourhood school in Singapore, what are students’ opinions about their 
school, Science and what makes Science lessons enjoyable? 
All the preceding research questions cover the quantitative component of the study 
until now. The sixth and final research question was derived to cover the qualitative 
component of the study. 
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Besides comprising of the Attitudes scales, the GTKY questionnaire also provided 
the qualitative aspects of the study in which students were asked about their opinions 
on Science, workload and school and to elaborate their answers.   
To find out more about the students’ views on Science, open-ended questions like 
‘Explain why you like or do not like Science in general now’, ‘Explain why you like 
or do not like Science when you were in Primary school’ and ‘What would you like 
to see more of in your Science lessons?’ were included in GTKY. The middle 
question was asked to filter out students who never liked Science when they were in 
Primary school. 
To gain insight on whether students were coping with their studies, they were also 
asked for their opinions on workload, if they had free time on weekdays and 
weekends, and how they spent their free time if any.  
Finally, to gain insight on students’ views on schooling in general, students were 
asked whether they liked school and to elaborate on their answers. They were also 
asked to comment on anything about school in general. 
The findings obtained from the last research question with the embedded qualitative 
component would triangulate the findings of the quantitative component from the 
preceding research questions. Positive triangulated results obtained would mean that 
students were enjoying Science in a neighbourhood Secondary school in Singapore. 
3.6 THE DEVELOPMENT OF THE QUESTIONNAIRES 
From the literature review in Chapter Two, it can be concluded that it is not unusual 
for different instruments to be used in conjunction in order to explore different 
aspects of the environment. For example, the MCI was used in conjunction with the 
QTI by Goh and Fraser (1997). This study made use of three different instruments to 
obtain a more holistic picture of the learning environment by exploring different 
aspects of the environment.  
The first and foremost instrument that was selected was the WIHIC (Actual and 
Preferred versions) to measure the Science learning environment per se (see 
Appendices 7 and 8). The WIHIC questionnaire was selected as it is one of the most 
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established instruments with a history of being a reliable and valid tool for 
investigating classroom environments worldwide, including those in Singapore. 
Short versions of the WIHIC for both the Actual and Preferred versions are also 
available. These Short versions have 25 questions each, which is about half the 
length of the original versions. However, according to McMillan and Schumacher 
(1993), it is generally recognised that the more items there are in an instrument, the 
higher the reliability. Because the pilot tests (see Section 3.7) showed that the 
students could cope with the longer versions and that survey fatigue was not an issue, 
the original versions were selected for use in this study to enhance reliability.  
Again from the literature review, student-teacher interactions could be yet another 
area that could provide insight into classroom dynamics. The QTI was selected as it 
is also an established instrument that could be used to capture students’ perceptions 
of their teachers. Like the WIHIC, the QTI also has a history of being a reliable and 
valid tool for investigating teacher-student interactions worldwide, including 
Singapore. To find out about this aspect of the learning environment, the QTI 
(Student version) was the second instrument selected for use in this study (see 
Appendix 9). 
To capture the Attitude component in a more comprehensive manner, the three 
affective outcome scales of the TROFLEI were employed, namely, Attitude to 
Subject, Attitude to Computer and Academic Efficacy. From the literature review, it 
was observed that a number of studies have used the WIHIC in conjunction with two 
or three attitude scales (Dorman, Fisher, & Waldrip, 2006; Hoang, 2008). In this 
study, these three scales were incorporated into a self-designed GTKY questionnaire 
(see Appendix 10). This comprised the third instrument for use in this study. 
The first section of the GTKY consisted of some open-ended questions while the 
second section consisted of the three Attitude scales. The qualitative component 
embedded in this questionnaire would provide some background knowledge of the 
students as well as help to provide a more in-depth understanding of why some of the 
options in the quantitative data in this questionnaire were selected. The results from 
the qualitative component would also triangulate results from the quantitative 
component. 
All the instruments were administered online using computers. 
92 
 
3.7 PILOT TESTING 
Two pilot tests were conducted - the first one in 2010 on two Secondary Four 
Normal Academic (NA) classes and the second in 2011 on two Secondary One NA 
classes. NA classes were selected as these students are of middle-ability when 
compared to the Express and Normal Technical classes. Testing on these students 
would provide a good gauge to check for language difficulties that may arise in the 
wordings of the questionnaire items. Of these students, a total of 37 Secondary 4NA 
students and 33 Secondary One NA students consented to participate in the pilot 
testing. 
The aim of the first pilot test was to find out the possible problems that could be 
encountered in the data collection process using computers and the approximate 
length of time that would be needed for the students to complete the questionnaires. 
It helped to confirm if the whole survey process was too lengthy for the students, 
resulting in survey fatigue. The first pilot test would be able to indicate if 
adjustments were needed to shorten the questionnaires (i.e. if Short versions of the 
questionnaires should be used). More importantly, the pilot test would be able to 
indicate if the single data collection session had to be broken up into a few data 
collection sessions.   
The questionnaires were successfully uploaded onto a web portal in Google and the 
results were successfully retrievable. From this pilot test, it was discovered that the 
amount of time the students needed was approximately one hour, which was a far cry 
from the suggested timings provided on the questionnaires.  
As the four questionnaires were to be given consecutively one after the other for ease 
of administration, I was especially concerned if this would be too much for the 
students to take in one data collection session. Most of the students in the pilot test 
completed the questionnaires, with very few students stopping halfway through the 
process, showing that the combination of four questionnaires did not seem to be a 
problem. However, the first pilot test did reveal and indicate some language 
difficulties which impaired understanding of the questionnaire items. 
The aim of the second pilot test was to check if the younger students in Secondary 
One could also take the long survey process, understand the wordings of the 
questionnaires, and to see if the one hour survey time that the older students needed 
93 
 
was sufficient for them as well. The results of the second pilot test indicated that 
even Secondary One NA students could successfully finish the four questionnaires 
consecutively one after another. It also revealed no further language difficulties and 
confirmed that the one hour time needed for answering the questionnaires was 
sufficient. 
As the pilot tests showed that the students could cope with the longer versions and 
that survey fatigue was not an issue, the longer original versions rather than the Short 
versions were selected for use in this study to increase reliability.  
 
3.8 DATA COLLECTION AND ANALYSES 
Permission was sought from the school principal before collecting data from students 
(see Appendix 3). With the approval from the principal, the classes involved in the 
study were then scheduled into various computer laboratories so students could give 
their consent and gain access to the questionnaires (see Appendix 4). Armed with the 
knowledge gleaned from the pilot tests, 70-minute sessions were allocated to each 
class, with five minutes to log in and five minutes to log out of the computers. A 
maximum of two computer laboratories was used at each session to minimize 
technical problems. This also enabled me to move from laboratory to laboratory to 
assist the teachers and clarify doubts. 
The teachers involved were given instructions to guide their classes so students 
would know where to get the information on the study, where to give their consent 
before participating in the study, and finally where to access the questionnaires (see 
Appendix 5). Students who consented to take part in the study had to click on the 
information and consent page (see Appendix 6) before they commenced the first 
questionnaire. They were informed that they could drop out of the research at any 
time without being penalized. 
Once consent was given, the students answered questions in the GTKY questionnaire 
(which included the qualitative component and the attitude scales) first, followed by 
the WIHIC (Actual version), then the WIHIC (Preferred version) and finally the QTI 
(Student version) (see Appendices 7 to 10 again for the online questionnaires). As 
the data collection was carried out in May as part of the post-examinations activities, 
the achievement scores in Science were obtained from the mid-year examinations 
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that occurred in the same month. The use of mid-year examinations results was 
selected to give a more accurate portrayal of the students’ achievement scores at the 
time when the environment and other classroom dynamics were measured, thereby 
minimizing factors that could change after the first semester, for example, changes in 
the time-tables, teachers or engagement of tuition in anticipation of end-of-year 
examinations.  
The data collected were transferred into Excel spreadsheets during the data entry 
phase so that they could be easily imported into IBM® SPSS® Statistics Version 20. 
Individual responses from all the students were painstakingly cut and pasted into 
Excel spreadsheets so that each individual row in the spreadsheet comprised of an 
individual student’s responses for all the four questionnaires. The responses were 
then coded. As all items in the WIHIC (Actual and Preferred) and the QTI scales 
were designed for a Likert-scale response using a five interval scale of almost never, 
to almost always, the coding was quite straight forward. For the Attitude Scales of 
the GTKY questionnaire, there were negative items. Coding had to be reversed for 
these negative items in these scales. After the coding, the data Excel spreadsheets 
containing all the students’ responses were finally ready in April 2014 and imported 
into SPSS.  
Statistical computations and data analyses were next carried out using SPSS. A point 
to note was that for the computation of the scale means for the QTI, as the 48 items 
of the QTI are arranged in a cyclic order, in blocks of eight, with one item in each 
block measuring a different scale, careful allocation of the items into the correct 
scales had to be checked carefully.  
The quantitative data analyses focused on three objectives. Reliability and validity of 
the instruments were obtained in order to check their suitability for my study. As the 
instruments used are all established instruments, reporting on the Cronbach’s alpha 
reliability would suffice to establish reliability. Inter-scale correlations were 
conducted to establish discriminant validity of the instruments. 
Once the scales from the instruments were found to be reliable and valid, paired t-
tests to check for significant differences were conducted. First, this was carried out 
on the Actual and Preferred WIHIC means for the school as a whole. Next, the data 
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were split so that two paired t-tests were carried out separately on the two different 
levels.  
To investigate grade-level differences and gender differences for each scale, 
ANOVAs were conducted. Finally, simple correlation and multiple regression 
techniques were conducted to look for associations and relationships between the 
learning environment scales and attitude scales and achievement in Science. They 
were also conducted to look for associations and relationships between the QTI 
scales and attitude scales and achievement in Science. 
Some items of the questionnaires carried no responses so items with no responses 
were left blank in the data entry phase. In SPSS, entries with blank values were 
automatically deleted, resulting in different N values during the analyses. 
For the qualitative component, to make the analysis easier, the responses for 
pertinent questions were summarized into main categories. From the summarized 
responses, it was then easier to see not only the ranking but the number of responses 
for each of the categories, giving us an indication of how much weighting each 
category had. Only the top few major categories of responses are tabulated. 
 
3.9 ETHICAL CONSIDERATIONS 
Ethical considerations included the first level of seeking approval from the Curtin 
University Ethics Committee to carry out research involving people (see Appendix 1). 
With this first level of approval obtained, the next level was to obtain the consent of 
the participants themselves. The participants were first asked to visit and read an 
online information page followed by the consent page.  
The information page included the aim of the research, the participants’ roles, and 
the procedures of the information gathering. Participants were also reassured that 
participation was on a voluntary basis and that they could withdraw at any stage of 
the data collection without affecting their rights or responsibilities. They were 
reassured that the information gathered would be strictly confidential and any 
materials obtained from them would be kept safely for five years before they were 
destroyed. After this, the participants were asked to click on the consent if they 
wanted to participate in the study. 
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This research involved no more risk than ‘low risk’ other than the risk of discomfort 
and inconvenience. Participant anonymity and confidentiality were maintained so 
that the risk to the participants was minimized. In the data analyses stage, sensitive 
information such as achievement scores and some of their responses about their 
home background and their views on the school would be private. Thus, student 
participants were only be re-identifiable through linked codes to preserve anonymity. 
As the data collection was carried out as a post-examinations activity, lessons were 
not disrupted. To avoid disruption to participants’ time, 70 minutes were allocated 
for each class to complete the whole process. 
 
3.10 SUMMARY 
A mixed-method design was selected to gain a more complete picture of the Science 
learning environment using both quantitative and qualitative methods. The 
quantitative component was achieved through the use of four instruments and 
middle-of-the year examination results while the qualitative component played a 
supportive role through the use of open-ended questions in the first part of the self-
designed GTKY instrument.  
Having decided on the design, the methodology of the research was next planned. 
Suitable instruments, namely, the widely-used WIHIC and QTI, were selected for 
use in this study as they had established validity. The Attitude scales in the 
TROFLEI were incorporated into the second part of the GTKY questionnaire as it 
measures attitude comprehensive set of scales to measure attitude.  
To determine if students were able to enjoy Science in a neighbourhood Secondary 
school, two levels of students were selected - the entry level which consists of 
students from Secondary One level entering the school while the exit level consists 
of Secondary Four and Five students graduating from the school. If students were 
still enjoying Science by the time they left school, it would mean that enjoying 
Science in a Singapore school is not an oxymoron.  
A pilot test in two phases was conducted to check if the combination of the 
questionnaires would result in survey fatigue, to check for an appropriate length of 
timings for the data collection, and to see if the language used posed any difficulty to 
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the different levels of students. As desired, the pilot tests confirmed the feasibility of 
collecting the data online using computers.  
The methodology outlined in this chapter aligns with the theoretical framework for 
this study, recognizing that learning is situated in context, and that studying the 
complex and dynamic environment of the classrooms involves interactions between 
the learner, teacher and subject.  
Ethical issues related to data collection and storage were strictly adhered to. Finally, 
analyses of the quantitative data were conducted using IBM® SPSS® Statistics 
Version 20. The results for both quantitative and qualitative data collected are 
presented in the following chapter, with the qualitative component embedded in the 




RESULTS AND ANALYSES  
 
4.1 INTRODUCTION 
This chapter begins with an introduction in Section 4.1, followed by results and 
analyses in Section 4.2, and ends with a summary in Section 4.3. 
Section 4.1 is further broken down into six sub-sections. Section 4.2.1 provides a 
description of how the validity and reliability of the questionnaires were established. 
The What Is Happening In this Class? (WIHIC) for both Actual and Preferred 
versions, the Questionnaire on Teacher Interaction (QTI) for the Student version, and 
the Attitude scales in the Getting to Know You (GTKY) questionnaire have proven 
reliability and validity. Nevertheless, for my sample, I checked the internal 
consistency reliability and discriminant validity so that results derived from the 
questionnaires could be used with confidence.   
Once the validity and reliability of the instruments were established using IBM® 
SPSS® Statistics Version 20, the rest of the results generated through SPSS for the 
quantitative component are then presented from Sections 4.2.2 to 4.2.5. An 
explanation of what the results in each table mean is provided in the relevant sections. 
From these results, the research questions are answered at the end of each of the 
relevant sections.  
In Section 4.2.6, the last research question, comprising the qualitative component, is 
answered by summarizing the responses of the students to the opened-ended 
questions in the GTKY questionnaire, with statistics obtained from the online portal. 
These results help to triangulate findings obtained in the preceding research 
questions from Sections 4.2.2 to 4.2.5. 
The final section presented in Section 4.3 summarises the information presented in 
this chapter with a condensed version of the answers to the research questions. 
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4.2 RESULTS AND ANALYSES 
4.2.1 Research Question 1 
Are the instruments used, namely, the WIHIC (Actual and Preferred), the QTI 
(Student version), and the Attitude Scales in GTKY, reliable and valid instruments 
for studying Science learning environments in a Singapore Secondary school?  
To establish the reliability of the instruments, Cronbach’s alpha reliability was 
estimated for each of the questionnaire scales. Generally, an alpha coefficient of 
greater than 0.8 is typically employed to denote an acceptable level of internal 
reliability (Bryman, 2012). McMillan and Schumacher (1993) suggested a value of 
greater than 0.5 would suffice for exploratory research. The higher the value of this 
coefficient, the better the internal consistency of the scales and the better the 
instrument is in measuring constructs consistently. In this study, the alpha 
coefficients of all the scales are all above 0.6, confirming that the instruments can be 
used with confidence in Singapore and with this sample of students.  
To establish the discriminant validity for the WIHIC and Attitude scales, analyses 
were run to explore inter-scale correlations in the instruments. These estimate the 
degree to which any two scales are related to each other. For a questionnaire with 
good discriminant validity, theoretically dissimilar scales should have mean 
correlation values of considerably less than 1.  
To further check the validity for the QTI scales, analyses were also run to explore the 
inter-scale correlations in the QTI. For the QTI, the Leary model predicts that 
correlations between two adjacent scales are expected to be highest, then gradually 
decrease until scales on the opposite end of the interpersonal circle are strongly 
negatively correlated; this is referred to as the circumplex model. The validity for the 





Internal Consistency Reliability (Cronbach Alpha Coefficient), Discriminant Validity 
(Mean Correlation with Other Scales) and ANOVA eta2 for the WIHIC (Actual)  




with other Scales 
ANOVA eta2 
Student Cohesiveness 0.89 0.45  0.05 
Teacher Support 0.93 0.53  0.08*** 
Involvement 0.91 0.61  0.05 
Investigation 0.93 0.54  0.03 
Task Orientation 0.91 0.54  0.07** 
Cooperation 0.94 0.57  0.10*** 
Equity 0.95 0.61  0.06** 
**p<0.01   ***p<0.001 
The sample consisted of 504 students in 16 classes. 
The eta2 statistic represents the proportion of variance explained by class 
membership. 
 
Table 4.1 shows the reliability of the WIHIC (Actual) instrument. All the scale 
reliabilities are well above 0.80, which shows that the WIHIC (Actual) is a very 
reliable instrument for use in Singapore. The mean correlation of a scale with other 
scales for this instrument ranges from 0.45 to 0.61. Although the mean correlations 
with other scales for this instrument are less than 1, the means are relatively high, 
showing that there is some overlap of the scales. However, this is still acceptable as 
the scales are all aspects of the learning environment and the results low enough to 
indicate a reasonable level of scale independence 
To further establish validity and in keeping with established traditions of learning 
environment research, the eta2 statistic was measured for this instrument, which is 
basically the ratio of ‘between’ to ‘total’ sums of squares. This measure provides an 
estimate of the strength of the association between class membership and a WIHIC 
scale, or how much scale scores depend on the class the students are in. The ability to 
differentiate between classrooms is another desirable characteristic of any 
environment scale. If the within-class responses of the students from the same class 
are similar and greater than between-class perceptions, it would show that the 
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instrument is valid. In order to investigate this characteristic, an ANOVA was used 
for each WIHIC Actual scale with class membership as the main effect.  
The eta2 generated (Table 4.1) showed significant differences between classes for 
four scales - Teacher Support, Task Orientation, Equity and Cooperation. The 
percentage of variance attributed to class membership was 6 to 10%, showing the 
WIHIC scale ability to differentiate significantly between students’ perceptions in 
different classes on these four scales (Teacher Support, Task Orientation, 
Cooperation and Equity). Compared to previous research, this is a little lower as the 
sample used in this study is from the same school. Further, scales like Student 
Cohesiveness might not be as different between classes as it is potentially more 
influenced by peer relationships than by what takes place in a classroom. 
Table 4.2   
Internal Consistency Reliability (Cronbach Alpha Coefficient), Discriminant Validity 




Mean Correlation with 
other Scales 
Student Cohesiveness 0.94 0.55 
Teacher Support 0.94 0.57 
Involvement 0.93 0.63 
Investigation 0.96 0.53 
Task Orientation 0.94 0.57 
Cooperation 0.97 0.51 
Equity 0.97 0.61 
N=491 
 
Table 4.2 shows the reliability of the WIHIC (Preferred) instrument. All the scales 
have alpha coefficients well above 0.80, which shows that the WIHIC (Preferred) 
can also be used with confidence in Singapore and with this sample of students. The 
mean correlation of a scale with other scales for this instrument ranges from 0.51 to 
0.63. Again, although these mean values are less than 1, the means are on the higher 
side, showing that there is some overlap between the scales. However, these values 






Internal Consistency Reliability (Cronbach Alpha  





Helpful and Friendly 0.77 
Understanding 0.73 
Student Responsibility 0.61 
Uncertain 0.83 
Dissatisfied  0.67 
Admonishing 0.80 
Strict 0.67 
N=512    
 
Table 4.3 shows the reliability of the QTI instrument. The alpha coefficients of the 
scales ranged from an acceptable value of 0.61 for Student Responsibility to a strong 
value of 0.88 for the Leadership scale. As all the scales are above the acceptable 
value of 0.60, this confirms that the QTI (Student version) can be reliably used in 
Singapore and on this sample of students.  
As mentioned in the literature review in Chapter Two and in the introduction in this 
chapter, because the scales of the QTI are arranged to form a circumplex model, 
scale intercorrelations were checked with these data. Correlations should be highly 
positive with neighbouring scales, decreasing as it moves around the model until the 
scales become strongly negative with scales on the opposite end of the interpersonal 




Table 4.4   




















1 0.84** 0.30** 0.15** -0.89** -0.71** -0.36** 0.19** 
Help/F 
(CD) 
 1 0.10* 0.06 -0.80** -0.76** 0.15** 0.11* 
Under 
(CS) 
  1 0.58** 0.28** -0.03 -0.83** 0.54** 
S Resp 
(SC) 
   1 0.07 0.09* -0.58** -0.74** 
Uncer 
(SO) 
    1 0.70** 0.33** 0.13** 
Dissat 
(OS) 
     1 0.01 0.16** 
Admon 
(OD) 
      1 0.57** 
Strict 
(DO) 
       1 
N = 503,   *p<0.05, *p<0.01   
 
For example, the scale of Leadership correlates closely and positively with 
Helpful/Friendly (0.84). This number decreases with other scales until it reaches the 
lowest value of -0.89 for the Uncertainty scale, which is the scale on the opposite end 
of the Leadership scale in the circumplex model. Similar trends can be seen for the 
other QTI scales, with the Understanding scale being at opposite ends with the 
Admonishing scale and the Student Responsibility scale being at opposite ends with 
the Strict scale. QTI scale inter-scale correlations satisfy this assumption with minor 
discrepancies, thereby establishing discriminant validity for the QTI scales in this 
study. 







Internal Consistency Reliability (Cronbach Alpha Coefficient) and Discriminant 




Mean Correlation with 
other Scales 
Attitude to Subject 0.79 0.30 
Academic Efficacy 0.82 0.32 
Attitude to Computers 0.80 0.06 
N=404 
 
As the Attitudes scales from the GTKY questionnaire were obtained from an 
established instrument with good reliability and validity, factor analysis was not 
necessary and reporting of alpha coefficients suffices. The alpha coefficients of the 
Attitude scales in the GTKY are all well above 0.6, showing that the Attitude 
instrument was reasonably good, and could be used with confidence in Singapore 
and on this sample of students as well. 
 
The mean correlation of a scale with other scales for Attitude ranges from 0.06 to 
0.32. The scales therefore measure distinct although somewhat overlapping aspects 
of attitudes. 
Answer to Research Question 1: 
Are the instruments used, namely, the WIHIC (Actual and Preferred), the QTI 
(Student version), and the Attitude Scales in GTKY, reliable and valid instruments 
for studying Science learning environments in a Singapore Secondary school?  
All the scales had alpha coefficients above 0.80 for both the WIHIC (Actual) and 
WIHIC (Preferred). For the WIHIC (Actual), the eta2 statistic showed significant 
differences between classes for Teacher Support, Task Orientation, Equity and 
Cooperation. For the QTI, the alpha coefficients of the scales were above 0.6, 
ranging from 0.61 for Student Responsibility to 0.88 for the Leadership scale. For the 
Attitude instrument, the alpha coefficients of the scales were all well above 0.6. 
As for discriminant validity, the mean correlations with other scales for the WIHIC 
and Attitude instruments were less than 1, low enough to indicate a reasonable level 
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of scale independence. For the QTI, inter-scale correlations followed the circumplex 
model with minor discrepancies. 
Therefore, the reliability and validity of each of the instruments suggest that there is 
internal consistency and acceptable mean correlation values between scales with this 
sample of Secondary school students. This shows that the instruments used in this 
study can be used with confidence for studying science learning environments in a 
Singapore Secondary school setting and on this sample of students. 
4.2.2 Research Question 2 
a. What are students’ perceptions of the actual Science learning environment in a 
neighbourhood Secondary school? 
b. What are students’ preferred Science learning environments in a neighbourhood 
Secondary school? 
c. Are there any differences between students’ perceptions of the actual learning 
environment and what they would prefer it to be? 
d. What are students’ perceptions of their teacher-student interactions? 
e. What are students’ attitudes towards Science in a neighbourhood Secondary school? 
Having established the reliability and validity of the instruments, the instruments 
could then be used with confidence. The WIHIC (Actual) and WIHIC (Preferred) 
questionnaires were used to investigate students’ perceptions of the actual as well as 
preferred science classes, the QTI was used to investigate students’ interactions with 
their science teachers in these classes, and the Attitude scales in the GTKY 
questionnaire were used to investigate students’ attitude.  
To answer the first three parts of this research question, students’ perceptions of the 
actual as well as preferred science classes were obtained. A paired samples t-test was 
used to compare the WIHIC (Actual) average item means with the average item 
means of the WIHIC (Preferred) for each scale. The average item mean is the scale 
mean divided by the number of items in the scale. The closer the actual means are to 
the preferred means, the happier the students are. 
To find out which grade level contributed to the differences, the data were split. 
Splitting the data, another two paired t-tests were generated for each scale to 
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compare the Actual and Preferred differences for both the Secondary One students 
(Entry level) and Secondary Four/Five students (Exit level).  
Table 4.6 shows results obtained for whole sample; Table 4.7 shows the results 
obtained at the Secondary One level; and Table 4.8 shows the results obtained at the 
Secondary Four/Five level. 
Table 4.6 
Mean Values and Standard Deviations for the Preferred and the Actual Learning 
Environment (Whole School) 
    Scale 





Act Pref Act Pref   
Student 
Cohesiveness 
3.76 3.70 0.75 0.84 0.06 2.30* 
Teacher 
Support 
3.14 3.26 0.89 0.87 -0.12 -3.90*** 
Involvement 3.01 3.14 0.84 0.84 -0.13 -4.77*** 
Investigation 2.93 3.09 0.86 0.90 -0.16 -4.95*** 
Task 
Orientation 
3.59 3.62 0.77 0.83 -0.02 -0.96 
Cooperation 3.51 3.56 0.85 0.88 -0.05 -1.75 
Equity 3.34 3.45 0.93 0.92 -0.11 -3.39** 
N=487   *p<0.05   **p<0.01   ***p<0.001 
 
For the school as a whole, except for Investigation, the average item means for all the 
scales of the WIHIC are all above 3, which corresponds to a response between 3 
‘Sometimes’ and 4 ‘Often’ in the questionnaire.  
Significant differences between the Actual and Preferred means are observed for the 
whole sample for five out of seven scales, namely, Student Cohesiveness, Teacher 




To find out which level contributed to the differences, the data were split. Table 4.7 
shows the results obtained for the Secondary One level, while Table 4.8 shows the 
results obtained for the Secondary Four/Five level.  
Table 4.7 
Comparison of the Preferred with the Actual Learning Environment (Secondary One 
Sample) 
Scale 







Act Pref Act Pref   
Student 
Cohesiveness 
3.72 3.67 0.80 0.92 0.06 1.35 
Teacher 
Support 
3.12 3.24 0.95 0.91 -0.12 -2.43* 
Involvement 3.00 3.11 0.88 0.91 -0.12 -2.64** 
Investigation 2.94 3.12 0.96 0.95 -0.19 -3.74*** 
Task 
Orientation 
3.63 3.63 0.86 0.89 0.00 0.13 
Cooperation 3.50 3.53 0.91 0.95 -0.04 -0.84 
Equity 3.34 3.51 0.99 0.97 -0.16 -3.18** 
N=227   *p<0.05   **p<0.01   ***p<0.001 
 
At the Secondary One entry level, once again, except for Investigation, the means for 
all the scales of the WIHIC are all above 3, corresponding to between 3 





Comparison of the Preferred with the Actual Learning Environment (Secondary 
Four/Five Sample) 
Scale 







Act Pref Act Pref   
Student 
Cohesiveness 
3.79 3.73 0.70 0.77 0.06 1.93 
Teacher 
Support 
3.16 3.28 0.83 0.82 -0.12 -3.17** 
Involvement 3.02 3.17 0.80 0.78 -0.15 -4.18*** 
Investigation 2.93 3.06 0.77 0.84 -0.13 -3.25** 
Task 
Orientation 
3.56 3.61 0.70 0.76 -0.05 -1.38 
Cooperation 3.52 3.58 0.80 0.82 -0.06 -1.63 
Equity 
3.34 3.40 0.87 
0.88 -0.06 -1.52 
N=260   *p<0.05   **p<0.01   ***p<0.001 
At the Secondary Four/Five exit level, again except for Investigation, the means for 
all the scales of the WIHIC are all above 3, corresponding to between 3 
‘Sometimes’ and 4 ‘Often’ in the questionnaire.  
Next, to provide more insight into classroom dynamics, analyses were conducted on 
the QTI scales to investigate student-teacher interactions. These results answer the 




Mean Values and Standard Deviations for the QTI (Whole School) 
      Scale No. of items Mean Value 
Standard 
Deviation 
Leadership 6 3.45 0.87 
Helpful/Friendly 6 3.48 0.75 
Understanding 6 3.40 0.82 
Responsibility 6 2.81 0.67 
Uncertain 6 2.29 0.72 
Dissatisfied 6 2.54 0.62 
Admonishing 6 2.47 0.77 
Strict 6 3.10 0.70 
N = 503 
As shown in Table 4.9, the means for Leadership, Helpful/Friendly, and 
Understanding are all relatively high, indicating that students on the whole as a 
school perceived their teachers as displaying cooperative behaviours. The mean score 
of 3.45 for the Leadership scale corresponds to the questionnaire response between 3 
‘Sometimes’ and 4 ‘Often’ and shows teachers’ tendency to lead and hold students’ 
attention in class. Similarly, the mean score of 3.48 for the Helpful/Friendly scale 
shows teachers’ tendency to be helpful and friendly towards students, and the mean 
score of 3.40 for the Understanding scale shows teachers’ tendency to be 
understanding and caring towards students. Although relatively high, the mean score 
of 2.80 for the Responsibility scale corresponds to between 2 ‘Seldom’ and 3 
‘Sometimes’ in the questionnaire, showing teachers’ tendency not to give 
opportunities for students to assume personal responsibilities, albeit tilted more 
towards 3 ‘Neutral’. 
As Teacher Behaviour follows a circumplex model, except for the Strict scale, the 
mean scores obtained for the scales on the opposite ends of the interpersonal circle 
(the Uncertain, Dissatisfied, and Admonishing scales) are correspondingly lower. 
These mean scores correspond to between 2 ‘Seldom’ and 3 ‘Sometimes’ in the 
questionnaire, showing teachers’ tendency of not being uncertain, of not displaying a 
dissatisfied behaviour, and of not displaying anger or impatience in class. Although 
falling into the same category, it should be noted that the means of the Uncertain and 
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Admonishing scales tilted more towards 2 ‘Seldom’ while that of Dissatisfied tilted 
towards the 3 ‘Neutral’. Lastly, the mean score of 3.10 for the Strict scale 
corresponds to between 3 ‘Sometimes’ and 4 Sometimes’ in the questionnaire, 
showing teachers’ tendency of being strict in class.  
To summarize, the means are correspondingly higher on one side of the circumplex 
model than on the other side, with slightly higher means for the Strict scale. This 
indicates that, although students perceived their teachers as cooperative, they also 
viewed them as strict during lessons. Figure 4.1 shows the profile of the science 
teacher based on responses of both levels of students as a school. 
 
Figure 4.1.   Profile of teachers’ interpersonal behaviour as a school (N=499). 
 
To provide more insight into classroom dynamics, analyses were conducted on the 
scales measuring Attitudes in the incorporated into the GTKY questionnaire. These 
results answer the fifth part in this research question. Results to establish more 





Mean Values and Standard Deviations for Attitude Scales in the GTKY 
      Scale N No of items Mean Value 
Standard 
Deviation 
Attitude to Science 410 8 3.22 0.72 
Academic Efficacy 413 8 2.74 0.77 
Attitude to Computers 407 8 3.66 0.72 
 
The mean score of 3.22 for the Attitude to Science scale correspond to between 3 
‘Sometimes’ and 4 ‘Often’ in the questionnaire, showing that students had 
favourable attitudes towards Science as a subject. The mean score of 3.66 for the 
Attitude to Computers scale correspond to between 3 ‘Sometimes’ and 4 ‘Agree’ 
in the questionnaire, showing that students had favourable attitudes towards 
computer usage for lessons. The mean score of 2.74 for the Academic Efficacy scale 
corresponds to between 2 ‘Disagree’ and 3 ‘Sometimes’ in the questionnaire, 
showing that students did not really feel confident about their ability to do well for 
Science.  
 
Answers to Research Question 2: 
a. What are students’ perceptions of the actual Science learning environment in a 
neighbourhood Secondary school? 
b. What are students’ preferred Science learning environments in a neighbourhood 
Secondary school? 
c. Are there any differences between students’ perceptions of the actual learning 
environment and what they would prefer it to be? 
 
Results obtained for the WIHIC as a whole school showed that, except for the 
Investigation scale, the means for all other scales of the WIHIC (Actual) were above 
3 corresponding to ‘Neutral’, which showed that students’ perceptions of the actual 
science learning environment in a favourable light. When the data were split, similar 
results were obtained, showing that students at both grade levels perceived the 
science classroom environment favourably. This finding is consistent with results 
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obtained from the qualitative component in Research Question 6 and is discussed 
later in Section 4.3.6. 
 
At the whole school level, there were significant differences between the Actual and 
Preferred means for five out of seven scales, namely, Student Cohesiveness, Teacher 
Support, Involvement, Investigation and Equity. The closer the actual means are to 
the preferred means, the happier the students are. The data were split to find out 
which level contributed most to these differences. 
 
At the Secondary One entry level, the WIHIC results showed significant differences 
between the Actual and Preferred means for four out of seven scales, namely, 
Teacher Support, Involvement, Investigation and Equity. The WIHIC results for the 
Secondary Four/Five exit level revealed significant differences between the Actual 
and Preferred means for only three out of seven scales, namely, Teacher Support, 
Involvement, and Investigation. Differences between the actual and preferred 
environments usually indicate that improvements are necessary to narrow these 
differences. This suggests that Secondary Four/Five students seem to be happier 
when compared to their juniors at the Secondary One level as there are less 
significant differences for the graduating level between their actual and preferred 
learning environments.  
 
Results seemed to indicate that Secondary One students wanted more help from the 
teacher, or friendlier teachers who trust and show a personal interest in them. They 
also wanted more participation in discussions and opportunities to enjoy the class. 
They wanted teachers to treat them more equally. But most of all, Secondary One 
students wanted lessons that gave emphasis on skills and their use in problem solving 
and investigations.  
 
Results also seemed to indicate that students from the graduating level wanted more 
help from the teacher, or friendlier teachers who trust and show a personal interest in 
them. Like the Secondary One students, they also wanted lessons that gave emphasis 
to the skills and their use in problem solving and investigations but, unlike the 
Secondary One students, the graduating level of students wanted mostly to 
participate in discussions and opportunities to enjoy the class. 
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d. What are students’ perceptions of their teacher-student interactions? 
The means for Leadership, Helpful/Friendly, Understanding are all relatively high, 
indicating that students perceived their teachers as displaying cooperative behaviours. 
The mean score of 3.45 for the Leadership scale corresponds to between 3 
‘Sometimes’ and 4 ‘Often’ in the questionnaire, showing teachers’ tendency to lead 
and hold students’ attention in class. Similarly, the mean score of 3.48 for the 
Helpful/Friendly scale shows teachers’ tendency to be helpful and friendly towards 
students, and the mean score of 3.40 for the Understanding scale shows teachers’ 
tendency to be understanding and caring towards students. Although relatively high, 
the mean score of 2.80 for the Responsibility scale corresponds to between 2 
‘Seldom’ and 3 ‘Sometimes’ in the questionnaire, showing teachers’ tendency not to 
give opportunities for students to assume personal responsibilities, albeit tilted more 
towards 3 ‘Neutral’. 
As these measures assess teacher behaviour following a circumplex model, except 
for the Strict scale, the mean scores obtained for the scales on the opposite ends of 
the interpersonal circle, namely, the Uncertain scale, Dissatisfied scale, and 
Admonishing scale are correspondingly lower. These mean scores correspond to 
between 2 ‘Seldom’ and 3 ‘Sometimes’ in the questionnaire, showing teachers’ 
tendency of not being uncertain, of not displaying a dissatisfied behaviour, and of not 
displaying anger or impatience in class. Although falling into the same category, it 
should be noted that the means of the Uncertain and Admonishing scales tilted more 
towards 2 ‘Seldom’ while that of Dissatisfied tilted towards the 3 ‘Neutral’. Lastly, 
the mean score of 3.10 for the Strict scale corresponds to between 3 ‘Sometimes’ 
and 4 ‘Sometimes’ in the questionnaire, showing teachers’ tendency of being strict in 
class.  
This indicates that, although students perceived their teachers as cooperative, they 
also viewed them as strict when it came to lessons. Finally, the lower mean for the 
Student Responsibility scale shows that more opportunities can be given to students 





e. What are students’ attitudes towards Science in a neighbourhood Secondary school? 
The mean score of 3.22 for the Attitude to Science scale correspond to between 3 
‘Sometimes’ and 4 ‘Often’ in the questionnaire, showing that students had 
favourable attitudes towards Science as a subject, albeit to a degree that is nearer to 
the 3. The mean score of 3.66 for the Attitude to Computers scale correspond to 
between 3 ‘Sometimes’ and 4 ‘Agree’ in the questionnaire, showing that students had 
favourable attitudes towards computers use for lessons, to a degree that is nearer to 
the 4. The mean score of 2.74 for the Academic Efficacy scale corresponds to 
between 2 ‘Disagree’ and 3 ‘Sometimes’ in the questionnaire, which is less than 3 
‘Neutral’. This shows that students did not feel as confident about their ability to do 
well for Science.  
These findings for attitude are consistent with results from the qualitative component 
showing why students liked or disliked Science and what they wanted to see more of 
in Science lessons (see Research Question 6). 
4.2.3 Research Question 3 
Are there differences between the graduating classes and Secondary One classes in 
students’ perception of the actual Science learning environment, preferred Science 
learning environment, teacher-student interactions, and students’ attitudes towards 
Science?  
To compare students who just joined the school at the Secondary One level and 
students who are graduating and leaving the school at the Secondary Four/Five level, 
ANOVAs for both the actual and preferred learning environments, for the QTI, as 
well as for attitude scales in the GTKY questionnaires, were conducted.  
Results of the tests are reported in Table 4.11 for the actual learning environments, 
Table 4.12 for the preferred learning environments, in Table 4.13 for teacher-student 




Grade Level Differences for Actual Learning Environment 
Scale 
Mean Value  Standard Deviation 
F Value 
Sec 1 Sec 4/5 Sec 1 Sec 4/5  
Student 
Cohesiveness 
3.72 3.77 0.80 0.70 0.55 
Teacher Support 3.10 3.16 0.95 0.82 0.57 
Involvement 2.99 3.02 0.88 0.79 0.16 
Investigation 2.92 2.93 0.96 0.77 0.02 
Task Orientation 3.61 3.55 0.87 0.71 0.70 
Cooperation 3.48 3.50 0.91 0.80 0.07 
Equity 3.32 3.32 0.99 0.88 0.01 
N (Sec 1) = 233, N (Sec 4/5) = 271    
 
The values of the average item mean for all WIHIC (Actual) scales range from 2.92 
to 3.72 for the Secondary One level and from 2.93 to 3.77 for the Secondary 
Four/Five level, which correspond to between 3 ‘Sometimes’ and 4 ‘Often’.  
None of the seven scales of the actual learning environment were found to have 





Grade Level Differences for Preferred Learning Environment 
Scale 
Mean Value  Standard Deviation F Value 
Sec 1 Sec 4/5 Sec 1 Sec 4/5  
Student 
Cohesiveness 
3.67 3.72 0.91 0.77 0.43 
Teacher Support 3.24 3.28 0.91 0.83 0.26 
Involvement 3.11 3.17 0.91 0.78 0.61 
Investigation 3.12 3.06 0.95 0.84 0.54 
Task Orientation 3.62 3.62 0.89 0.77 0.00 
Cooperation 3.53 3.58 0.94 0.82 0.39 
Equity 3.50 3.39 0.97 0.88 1.71 
N (Sec 1) = 229, N (Sec 4/5) = 262    
 
The values of the average item mean for all WIHIC (Preferred) scales range from 
3.11 to 3.67 for the Secondary One level and from 3.06 to 3.72 for Secondary 
Four/Five level. These results correspond to between 3 ‘Sometimes’ and 4 ‘Often’ 
for each grade level.  
None of the seven scales of the preferred learning environment were found to have 
statistically significant differences between the levels.  
Next, for insights on grade level differences with regards to teacher-student 
interactions, a one-way ANOVA was carried out for each QTI scale. Results of the 




Grade Level Differences for the QTI 
Scale 
Mean Value  Standard Deviation F Value 
Sec 1 Sec 4/5 Sec 1 Sec 4/5  
Leadership 3.35 3.54 0.88 0.76 6.57** 
Helpful/Friendly 3.40 3.54 0.95 0.83 3.05 
Understanding 3.28 3.51 0.97 0.84 7.94** 
Responsibility 2.84 2.79 0.75 0.54 0.71 
Uncertain 2.45 2.15 0.81 0.77 18.06*** 
Dissatisfied 2.69 2.41 0.88 0.81 13.62*** 
Admonishing 2.52 2.43 0.78 0.75 1.72 
Strict 3.04 3.16 0.70 0.61 4.13** 
N (Sec 1) = 232, N (Sec 4/5) = 271   *p<0.05   **p<0.01   ***p<0.001 
 
The values of the average item mean for the QTI scales range from 2.45 to 3.35 for 
the Secondary One level and 2.15 to 3.54 for Secondary Four/Five level. These 
results correspond to 2 ‘Seldom’, 3 ‘Sometimes’ and 4 ‘Often’.  
The means are correspondingly higher on one side of the circumplex model than on 
the other side, with slightly higher means for the strict scale, indicating that students 
perceived their science teachers are mostly cooperative albeit strict. 
Five of the scales were found to have statistically significant differences between the 
levels, namely, Leadership (F=6.57, p<0.01), Understanding (F=7.94, p<0.01), 
Uncertain (F=18.06, p<0.001), Dissatisfied (F=13.62, p<0.001) and Strict (F=4.13, 
p<0.01). The Secondary One students had higher means for the Uncertain and 
Dissatisfied scales while the Secondary Four/Five students had higher means for the 
Leadership, Understanding and Strict scales. This indicates that students in the 
Secondary Four/Five levels viewed their teachers as having more leadership 
behaviour while students in the Secondary One level viewed their teachers as more 
uncertain and dissatisfied. 
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The circumplex model in Figure 4.2 shows the profile of the science teacher for the 
Secondary One level. Means were higher for the cooperative quadrants, showing that 
Secondary One students thought of their Science teachers as authoritative but helpful 
and understanding.  
 
Figure 4.2.   Profile of teachers’ interpersonal behaviour for Secondary One (N=230). 
 
The circumplex model in Figure 4.3 shows the profile of the science teacher for the 
Secondary Four/Five level. The means are also higher for the cooperative quadrants, 
as well as for the Strict quadrant, showing that Secondary Four/Five students thought 




Figure 4.3.   Profile of teachers’ interpersonal behaviour for Secondary Four/Five (N=269). 
 
Lastly, for insights on level differences with regards to Attitudes, a one-way 
ANOVA was carried out on the three Attitude Scales in the GTKY questionnaire. 
Results are presented in Table 4.14.  
 
Table 4.14 
Grade Level Differences for Attitude Scales in the GTKY 
Scale 




Sec 1 Sec 4/5 Sec 1 Sec 4/5 Sec 1 Sec 4/5  
Attitude to Science 193 217 3.22 3.22 0.75 0.67 0.00 
Academic Efficacy 190 223 2.77 2.71 0.81 0.73 0.62 
Attitude to Computers 190 217 3.89 3.46 0.73 0.66 38.43*** 




The mean values for all the attitude scales range from 2.77 to 3.46 for the Secondary 
One level and from 2.71 to 3.89 for the graduating level. Figure 4.4 shows the means 




















Figure 4.4.  Grade level differences on Attitude scales in the GTKY. 
 
Out of the three scales, only the Attitude to Computers scale (F=38.43, p<0.001) was 
found to have a statistically significant difference between the Secondary Four/Five 
level and Secondary One level. Secondary One students had higher means for this 
scale. 
 
Answer to Research Question 3: 
Are there differences between graduating classes and Secondary One classes in 
students’ perceptions of the actual Science learning environment, preferred Science 
learning environment, teacher-student interactions, and students’ attitudes towards 
Science? 
None of the seven scales for both the actual and the preferred learning environments 
were found to have statistically significant differences between grade levels. On the 
whole, it seems that students from both levels are fairly satisfied with the science 
learning environment. The findings from the WIHIC (Actual) are consistent with 
results from the qualitative component (Research Question 6) for which many of the 
responses from the students were similarly positive. 
121 
 
Five of the scales were found to have statistically significant differences between 
grade levels, namely, Leadership (F=6.57, p<0.01), Understanding (F=7.94, p<0.01), 
Uncertain (F=18.06, p<0.001), Dissatisfied (F=13.62, p<0.001) and Strict (F=4.13, 
p<0.01). The Secondary One students had higher means for the Uncertain and 
Dissatisfied scales while the Secondary Four/Five students had higher means for the 
Leadership, Understanding and Strict scales. This indicates that students at the 
Secondary Four/Five levels viewed their teachers had more leadership behaviour and 
were more understanding although strict, while students in the Secondary One level 
viewed their teachers as more uncertain and dissatisfied. 
With regards to attitudes, out of the three scales, only the Attitude to Computers 
scale (F=38.43, p<0.001) was found to have statistically significant difference 
between the graduating level and the Secondary One level. 
4.2.4 Research Question 4 
Are there gender differences in students’ perceptions of the actual Science learning 
environment, preferred Science learning environment, teacher-student interactions, 
and students’ attitudes towards Science? 
Gender differences were investigated by running one-way ANOVA tests for all the 
scales in the WIHIC (Actual and Preferred) questionnaire, the QTI and the Attitude 
component of the GTKY questionnaire. The results obtained are presented in Tables 
4.15 to 4.18. 
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Table  4.15 
Gender Differences for Actual Learning Environment 
Scale 




Male Female Male Female  
Student 
Cohesiveness 
3.73 3.76 0.81 0.67 0.21 
Teacher 
Support 
3.16 3.09 0.88 0.90 0.76 
Involvement 3.06 2.93 0.88 0.72 3.32 
Investigation 3.03 2.80 0.87 0.84 9.00** 
Task 
Orientation 
3.59 3.57 0.80 0.77 0.08 
Cooperation 3.48 3.51 0.90 0.80 0.16 
Equity 3.32 3.32 0.95 0.91 0.00 
N (males) = 286, N (females) = 218   **p<0.01 
 
The values for all WIHIC (Actual) scales range from 2.93 to 3.76 for girls and from 
3.03 to 3.73 for boys, which correspond to between 3 ‘Sometimes’ and 4 ‘Often’. 
Students of both genders are thus fairly satisfied with the science learning 
environment.  
 
Only one out of seven scales was found to have statistically significant gender 
differences and that was the scale of Investigation (F=9.00, p<0.01), with the average 
item means being higher for boys than for girls. Such differences can inform us about 
the way in which males and females differ in their views of various components of 




Gender Differences for Preferred Learning Environment 
Scale 




Male Female Male Female  
Student 
Cohesiveness 
3.69 3.71 0.87 0.81     0.07 
Teacher 
Support 
3.29 3.22 0.91 0.80     0.82 
Involvement 3.22 3.04 0.89 0.75     5.90* 
Investigation 3.20 2.95 0.92 0.83     9.94** 
Task 
Orientation 
3.61 3.62 0.86 0.77     0.02 
Cooperation 3.48 3.51 0.90 0.80     0.14 
Equity 3.44 3.45 0.97 0.86     0.02 
N (males) = 280, N (females) = 211   *p<0.05   **p<0.01 
 
The values for all WIHIC (Preferred) scales range from 2.95 to 3.71 for girls and 
from 3.22 to 3.69 for boys, which correspond to between 3 ‘Sometimes’ and 4 
‘Often’.  
Two out of seven scales were found to have statistically significant gender 
differences, namely, Student Involvement (F=5.90, p<0.05) and Investigation 
(F=9.94, p<0.01), with the average item means for boys higher than those for girls. 
It can be also be observed that Investigation has the largest gender gap, followed by 
the Involvement scale. Boys also had higher means when compared to girls. 
Next, for insights on gender differences with regards to teacher-student interactions, 





Gender Differences for the QTI 
Scale 
Mean Value  Standard Deviation F Value 
Male Female Male Female  
Leadership 3.46 3.44 0.87 0.80 0.07 
Helpful/Friendly 3.23 3.20 0.81 0.66 0.21 
Understanding 3.40 3.41 0.94 0.87 0.02 
Responsibility 3.05 3.10 0.74 0.56 0.74 
Uncertain 2.36 2.19 0.82 0.77 5.67* 
Dissatisfied 2.95 2.76 0.67 0.54 12.40*** 
Admonishing 2.57 2.34 0.80 0.70 11.77*** 
Strict 3.19 3.00 0.70 0.58 11.06*** 
N (males) = 285, N (females) = 218   *p<0.05  ***p<0.001 
The values of the average item mean for the QTI scales range from 2.36 to 3.46 for 
boys and from 2.19 to 3.44 for girls. These results range between responses of 2 
‘Seldom’ and 3 ‘Neutral’. The means are correspondingly higher on one side of the 
circumplex model than on the other side, with slightly higher means for the Strict 
scale, indicating that both genders perceived their science teachers as displaying 
cooperative but strict behaviours. On the Strict scale, boys had slightly higher means 
than girls. 
 
Four out of eight scales were found to have statistically significant gender 
differences, namely, Uncertain (F=5.67, p<0.05), Dissatisfied (F=12.40, p<0.001), 
Admonishing (F=11.77, p<0.001) and Strict (F=11.06, p<0.001). The results for 
these scales show that boys perceived their science teachers as being more uncertain, 
admonishing and strict and more dissatisfied with students in class than girls.  
 
Lastly, for insights on gender differences with regards to Attitudes, a One-way 
ANOVA was also carried out on the three Attitude Scales in the GTKY 





Gender Differences for Attitude Scales in the GTKY 
Scale 





Male Female Male Female Male Female  
Attitude to Science 241 169 3.31 3.09 0.76 0.61 10.52*** 
Academic Efficacy 240 173 2.84 2.59 0.77 0.73 11.26*** 
Attitude to Computers 237 170 3.76 3.52 0.69 0.75 10.83*** 
***p<0.001 
The mean values for all the attitude scales range from 2.59 to 3.52 for girls and from 


















              Figure 4.5.  Gender differences on Attitude scales in the GTKY. 
All three scales, Attitude to Science scale (F=10.52, p<0.001), Academic Efficacy 
scale (F=11.26, p<0.001) and Attitude to Computers scale (F=10.83, p<0.001) were 
found to have a statistically significant difference between the genders, with boys 




Answer to Research Question 4: 
Are there gender differences in students’ perceptions of the actual Science learning 
environment, preferred Science learning environment, teacher-student interactions, 
and students’ attitudes towards Science? 
For the WIHIC (Actual), only one out of seven scales was found to have statistically 
significant gender differences, namely, Investigation (F=9.00, p<0.01), indicating 
that boys perceived that the science class as having more investigative opportunities 
than girls.  
For the WIHIC (Preferred), two out of seven scales were found to have statistically 
significant gender differences, namely, Student Involvement (F=5.90, p<0.05), and 
Investigation (F=9.94, p<0.01), with the average item means for boys higher than 
those for girls, showing that boys preferred the science learning environment to have 
more opportunities for student involvement and more opportunities for investigative 
work. 
For the QTI, four out of eight scales were found to have statistically significant 
gender differences, namely, Uncertain (F=5.67, p<0.05), Dissatisfied (F=12.40, 
p<0.001), Admonishing (F=11.77, p<0.001) and Strict (F=11.06, p<0.001). The 
results for these scales show that boys perceived their science teachers as being more 
uncertain, admonishing, strict and dissatisfied with students in class than girls. Of 
interest, there is no significant gender difference observed on the scale of Equity, 
confirming that there should be minimal gender differences in the area of equity. 
For the Attitude scales, all the three scales of Attitude to Science (F=15.82, p<0.001), 
Academic Efficacy (F=11.26, p<0.001) and Attitude to Computers (F=10.83, 
p<0.001) were found to have a statistically significant difference between the 
genders. 
4.2.5 Research Question 5 
a. What associations are there between students’ perceptions of their Science 
environment and their attitudes towards Science? 
b. What associations are there between students’ perceptions of their Science 
environment and their achievement in Science? 
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c. What associations are there between teacher-student interactions and their attitudes 
towards Science? 
d. What associations are there between teacher-student interactions and their 
achievement in Science? 
To see if there were any associations between students’ perceptions of their Science 
environment and their attitudes towards Science and achievement in Science, simple 
correlation and a multiple regression analyses were performed. The simple 
correlation coefficient (r) and standardized regression coefficient (β) are reported for 
each of the scales in the WIHIC, and the multiple correlations (R) are reported for the 
set of WIHIC scales. These results answer the first two parts of the research question. 
The results are tabulated in Table 4.19. 
Similarly, to see if there were any associations between teacher-student interactions 
and students’ attitudes towards science and achievement, simple correlation and 
multiple regression analyses were performed. The correlation coefficient (r) and 
standardized regression coefficient (β) for each of the scales in the QTI are reported 
together with the multiple correlation coefficient (R). The results are tabulated in 
















r β r β r β r β 
Student 
Cohesiveness 
0.17** -0.05 0.18** 0.01 0.19** 0.13 -0.03 -0.89 
Teacher Support 0.39** 0.24*** 0.21** -0.05 0.10* -0.002 -0.05 -3.22** 
Involvement 0.32** 0.06 0.32** 0.25** 0.15** 0.12 0.01 -0.19 
Investigation 0.29** -0.09 0.27** -0.01 0.07 -0.10 0.06 0.40 
Task Orientation 0.47** 0.45*** 0.33** 0.28*** 0.13* 0.06 0.18** 6.15*** 
Cooperation 0.30** -0.05 0.24** -0.04 0.16** 0.06 0.06 -1.36 
Equity 0.35** -0.04 0.24** -0.05 0.12* -0.05 0.04  0.52 
Multiple 
correlations (R) 
0.52*** 0.37*** 0.22** 0.25*** 
R2 0.27 0.14 0.04 0.06 
N = 401    *p<0.05   **p<0.01   ***p<0.001 
 
A positive correlation coefficient tells us that there is a positive association between 
a learning environment scale and an Attitude scale. For example, r = 0.17 (p<0.01) 
for Student Cohesiveness tells us that, as Student Cohesiveness increases, attitude to 
Science also increases. All the r values in Table 4.19 are positive for the Attitude 
scales, indicating positive associations.  
For Attitude to Science, the multiple correlation coefficient (R) for the set of learning 
environment scales is significant with a value of 0.52. When relationships between 
WIHIC scales are considered and beta weights obtained, it can be seen that the 
greatest independent contributors among learning environment scales to students’ 
attitude to Science are Teacher Support and Task Orientation, with β = 0.24 and 0.46, 
respectively. The R2 values show that 27% of the variance in students’ attitude to 
Science is associated with students’ perceptions of their learning environment. For 
Teacher Support and Task Orientation, the r values are 0.39 and 0.47, respectively 
and significant at p<0.001. 
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For Academic Efficacy, the multiple correlation for the set of learning environment 
scales is also significant with a value of 0.37. When relationships between WIHIC 
scales are considered and beta weights obtained, it can be seen that the greatest 
independent contributors among learning environment scales to students’ academic 
efficacy are Task Orientation and Involvement, with β = 0.25 and 0.45, respectively. 
The R2 shows that 14% of the variance in students’ academic efficacy is caused by 
students’ perceptions of their learning environment. For Task Orientation and 
Involvement, r values are 0.33 and 0.32 respectively, significant at p<0.01.  
For Attitude to Computers, the multiple correlation coefficient of the learning 
environment scales is also significant with a value of 0.22. When relationships 
between WIHIC scales are considered and beta weights obtained, it can be seen that 
there is no significant independent contributor among learning environment scales to 
students’ attitude to computers.  
For Achievement, the multiple correlation coefficient of the learning environment 
scales is significant with a value of 0.25. When relationships between WIHIC scales 
are considered and beta weights obtained, it can be seen that the greatest independent 
contributors among learning environment scales to students’ academic performance 
are Teacher Support and Task Orientation, with β = -3.22 and 6.15, respectively. The 
R2 shows that 6% of the variance in students’ performance is associated with 
students’ perceptions of their learning environment. For Task Orientation and 
Teacher Support, the r values are -0.05 and 0.18, respectively.  
Next, a simple correlation and multiple regression analysis with attitude and 
achievement were performed and the correlation coefficient (r), standardized 
regression coefficient (β) for each of the scales in the QTI, the value of the multiple 
correlation coefficient (R) and the R2 value were obtained. These results answer the 
















 r β r β r β r β 
Leadership 0.44** 0.21 0.26** 0.20 0.02 -0.02 -0.03 0.21 
Helpful/Friendly 0.41** 0.11 0.25** 0.11 0.00 -0.07 -0.03 0.10 
Understanding 0.42** 0.09 0.23** 0.06 0.04 0.10 -0.03 -0.03 
Responsibility 0.33** -0.02 0.18** -0.11 0.00 0.00 -0.06 -0.96 
Uncertain -0.20** -0.25 0.02 0.03 0.02 0.07 0.02 -1.37 
Dissatisfied -0.13** -0.18 -0.01 -0.21 0.04 0.05 0.04 -3.35 
Admonishing -0.13** 0.22 0.02 0.12 -0.01 -0.08 0.04 0.73 
Strict -0.06 0.13 0.07 0.17 0.03 0.02 0.14** 5.59*** 
Multiple 
correlations (R) 
0.49*** 0.31*** 0.09 0.18* 
R2 0.24 0.10 0.01 0.03 
N = 401    *p<0.05   **p<0.01   ***p<0.001 
 
There was a positive correlation between the cooperative scales of teacher behaviour 
and the Attitude to Science scales, while the opposition scales were negatively 
correlated with Attitude to Science. Except for the Strict scale, all the correlation 
coefficients were significant, with p<0.01. For Academic Efficacy, there are 
significant positive correlations between the cooperative scales of teacher behaviour 
with Academic Efficacy scales, with p<0.01. No significant correlation was observed 
between the QTI scales and Attitude to Computers. For Attitude to Subject, r values 
for the cooperative scales range from 0.33 to 0.44 while, for Academic Efficacy, r 
values for the cooperative scales range from 0.18 to 0.26.  
For Achievement, the multiple correlation coefficient of the QTI scales is significant 
with a value of 0.18. When relationships between QTI scales are considered and beta 
weights obtained, it can be seen that the greatest independent contributor of QTI 
scales to students’ academic performance is the Strict scale, with β = 5.59. The R2 
value shows that 3% of the variance in students’ performance is associated with 
student-teacher interpersonal relationship. For the Strict scale, r=0.14 (p<0.01).  
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Answer to Research Question 5: 
a. What associations are there between students’ perceptions of their Science 
environment and their attitudes towards Science? 
 
All the learning environment scales were positively correlated with the Attitude 
scales. Except for Investigation with Attitude to Computers, all the other correlations 
were significant (p<0.05). r values range from 0.10 to 0.47, indicating low to 
moderate positive correlations between students’ attitudes and their perceptions of 
their learning environment. In addition, the main independent contributors to 
Attitude towards Science are Teacher Support and Task Orientation while to 
Academic Efficacy are Involvement and Task Orientation. These results indicate that 
a good way to enhance students’ attitudes would be to provide more teacher support 
and encourage more student engagement in tasks.  
b. What associations are there between students’ perceptions of their Science 
environment and their achievement in Science?  
For Achievement, the greatest independent contributors to students’ academic 
performance are Teacher Support and Task Orientation. For Task Orientation and 
Involvement, r values are -0.05 and 0.18, respectively. Teacher support is negatively 
correlated to achievement. In a way, too much teacher support could make students 
less self-reliant and responsible for their own learning.  
c. What associations are there between teacher-student interactions and their attitudes 
towards Science?  
There was significant positive correlations between the cooperative scales of teacher 
behaviour and the Attitude to Science and Academic Efficacy scales (p<0.01). No 
significant correlation was observed between the QTI scales and Attitude to 
computers scales. For Attitude to Subject, r values for the cooperative scales range 
from 0.33 to 0.44 while, for Academic Efficacy, r values for the cooperative scales 
range from 0.18 to 0.26.  
d. What associations are there between teacher-student interactions and their 
achievement in Science?  
The multiple correlation coefficient for the QTI scales is significant with a value of 
0.18. When relationships between QTI scales are considered and beta weights 
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obtained, it can be seen that the greatest independent contributor to students’ 
academic performance is the Strict scale, with β = 5.59. For the Strict scale, r=0.14 
(p<0.01) shows that there is a positive correlation between achievement in Science 
and the Strict scale.  
4.3.6 Research Question 6 
In a neighbourhood school in Singapore, what are students’ opinions about their 
school, Science and what makes Science lessons enjoyable? 
This research question is answered by analysing the qualitative component that was 
embedded in the GTKY questionnaire (see Appendix 10).  
To find out more about the students’ views on science and workload, they were 
asked whether they liked Science presently and whether they liked it in primary 
school. They were also asked to elaborate their answers to these questions. Next, 
they were asked what they would like to see more of in Science lessons. They were 
also asked if they had free time on weekdays and weekends and to elaborate on their 
answers. To find out more about the students’ views on school, both grade levels of 
students were asked for their opinions about the school in general, whether they liked 
the school, and to elaborate on their answers.  
To make the analyses easier, the responses for each of the questions were 
summarized into main categories. From the summarized responses, it was then easier 
to see not only the ranking but the number of responses for each of the categories, 
giving us an indication of how much weighting each category had. The summaries 
for the items on Science are presented below first in Tables 4.21 to 4.23 and then 
followed by those on workload presented in Tables 4.24 and 4.25. These are 
followed by the summaries for the items on school presented in Tables 4.26 and 4.27. 
Only the top few major categories of responses are shown in the tabulations. 
To find out more about the students’ views on Science, the students were asked if 
they liked science presently and whether they liked it in Primary school. 160 out of 
234 (68.4%) of Secondary One students and 186 out of 270 (68.9%) of Secondary 
Four/Five students said they enjoyed Science presently while 150 out of 183 (82.0%) 
of Secondary One students and 140 out of 210 (66.8%) of Secondary Four/Five 
students said they enjoyed Science in Primary school. The reason why students were 
asked if they liked it in Primary school was to take into consideration students who 
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had never liked the subject when they were in Primary school. Figure 4.6 shows 
students’ responses towards Science presently in Secondary school and when they 
were in Primary school. 













Figure 4.6.  Percentage of students liking Science in Primary school 
and Secondary school. 
 
These results show that the majority of students enjoy Science both presently as well 
as in Primary school, which are consistent to the results obtained in Research 
Question 2 on attitudes towards Science. However, these results revealed an 
unexpected sharp decline in the percentage of students liking Science when 
compared to the past. 




Summary of Responses on Why Students Like or Dislike Science Presently 
Item Level  Categories Tally 
Explain why 




Sec 1  Reasons for liking Science:  
 1 It is fun / interesting / enjoyable 78 
 2 Learn new knowledge / useful 44 
 3 Lots of experiments 42 
 4 Easy to understand 11 
    
  Reasons for not liking Science:  
 1 Hard to understand 41 
 2 Boring 13 
 3 Do not like the teacher 10 
 4 Too much effort / too many to memorize 6 
    
Sec 4/5  Reasons for liking Science:  
 1 It is fun / interesting / enjoyable 83 
 2 Learn new knowledge / useful 24 
 3 Just like it 14 
 4 Easy to understand 10 
    
  Reasons for not liking Science:  
 1 Hard to understand 34 
 2 Boring 11 
 3 Too much effort / too many to memorize 9 
 4 Fail a lot / cannot score 6 
 
For both levels, ranking first and second for reasons on why they liked Science was 
that it was fun and interesting and they found new knowledge obtained useful. Liking 
Science because it was easy to understand also made it to the list for both levels. 
Secondary One students also liked Science because there were lots of experiments to 
do. 
Interestingly, liking teachers did not make it to the list for both levels of students for 
reasons why they liked Science. However, it did make it into the list for why students 
did not like Science for the Secondary One level, showing it is still more important to 
build stronger student-teacher interpersonal relationships at the Lower Secondary 
level at least.  
Top of the list for both levels as to why students disliked Science revealed that 
Science was getting too difficult for them to understand. 
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Next, students were asked to elaborate why they liked or did not like Science in 
Primary school. Table 4.22 shows the summary of responses from those who could 
remember. 
Table 4.22 
Summary of Responses on Why Students Like or Dislike Science in Primary School 
Item Level  Categories Tally  
Explain why 
you like or do 
not like 
Science when 
you were in 
Primary 
school. 
Sec 1  Reasons for liking Science:  
 1 It is fun / interesting / enjoyable 48 
 2 Lots of experiments / games / activities 35 
 3 Easy to understand 29 
 4 Liked the teacher 24 
    
  Reasons for not liking Science:  
 1 Boring 12 
 2 Hard to understand / too much effort 10 
 3 Fail a lot 3 
 4 Do not like the teacher 2 
    
Sec 4/5  Reasons for liking Science:  
 1 It is fun / interesting / enjoyable 55 
 2 Easy to understand 34 
 3 Best subject / did well in it 13 
 4 Lots of experiments / games / activities 7 
    
  Reasons for not liking Science:  
 1 Hard to understand 22 
 2 Boring 14 









Once again, for both levels, ranking first for reasons on why they liked Science was 
that it was fun and interesting. Interestingly, both liking and disliking teachers made 
it to the lists of why students liked or disliked Science in Primary school for the 
Secondary One level. However, although Science was still hard to understand, the 
number of responses was lower for both levels and a drop in ranking for the 
Secondary One level. 
Next, students were asked what they would like to see more of for Science lessons. 




Summary of Responses on What Students Want to Have More of in Science Lessons 
Item Level  Categories Tally 
What would 
you like to 




Sec 1 1 Experiment / Science lab 63 
 2 Computer usage 18 
 3 More fun and lively lessons 15 
 4 Games etc. hands-on activities 14 
 5 Choice of  topics 11 
 6 Project work / group work 9 
 7 Better teacher relationships 8 
    
Sec 4/5 1 Experiment / Science lab 83 
 2 More fun and lively lessons 19 
 3 Clearer/simplified explanations / notes 15 
 4 Use of videos and pictures 8 
 5 Games etc. hands-on activities 8 
 6 Choice of  topics 5 
 7 Computer usage 4 
 
Opportunities to do experiments ranked a resounding first for both levels of students. 
Of interest, although doing experiments did not seem to rank high for the Secondary 
Four/Five level in Table 4.22, it still ranked very high in this list. Both levels also 
wanted Science lessons to be more lively and fun with more games and hands-on 
activities. Both levels wanted to be able to choose topics of study, although ranking 
was much higher for the Secondary One level. Computer usage for lessons also made 
it to the list for both levels, although ranking was again much higher for the 
Secondary One level. Secondary One students also wanted project work or group 
work and wanted better student-teacher relationships.  
To gain insight on whether students were coping with their studies, they were also 
asked for their opinions on workload, if they had free time on weekdays and 
weekends, and how they spent their free time if any.  
Five out of 183 (2.7%) of Secondary One students and five out of 210 (2.4%) of 
Secondary Four/Five students found their load very light; 16 out of 183 (8.7%) of 
Secondary One students and 12 out of 210 (5.7%) of Secondary Four/Five students 
found their load light; 135 out of 183 (73.8%) of Secondary One students and 141 
out of 210 (67.1%) of Secondary Four/Five students found their load manageable; 27 
out of 183 (14.8%) of Secondary One students and 52 out of 210 (24.8%) of 
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Secondary Four/Five students found their load heavy. See Figure 4.7 for a pictorial 































              Figure 4.7.  Students’ responses on workload. 
As can be observed Figure 4.7, the majority of students find the workload 
manageable. For more insight on workload, students were asked if they had free time 
on weekdays and then also on weekends.  
One hundred and sixty four out of 208 (78.9%) of Secondary One students and 169 
out of 239 (70.7%) of Secondary Four/Five students had free time on weekdays 
while 164 out of 196 (83.7%) of Secondary One students and 182 out of 228 (79.8%) 
of Secondary Four/Five students had free time on weekends. Understandably, more 
students had free time on weekends than on weekdays.  
However, conversely, this means that 44 out of 208 (21.2%) of Secondary One 
students and 70 out of 239 (29.3%) of Secondary Four/Five students did not have 
free time on weekdays while 32 out of 196 (16.3%) of Secondary One students and 
46 out of 228 (20.2%) of Secondary Four/Five students did not even have free time 
on weekends. Figure 4.8 is a pictorial representation of students’ responses on free 















     Figure 4.8.  Percentage of students without free time on weekdays and weekends. 
 
Although the percentage of students without free time on weekends is less than that 
on weekdays, the percentages of students without free time on weekends are still 
considerably high for both levels, namely 16.3% for Secondary One students and 
20.2% for Secondary Four/Five students. 
To gain more insight on how students used their free time, they were asked to 
comment on their answers. The summaries of comments on free time for weekdays 




Summary of Responses on How Students Spend their Weekdays 




to if they had 
free time on 
weekdays. 
Sec 1  Students with free time:  
 1 Still have time for hobbies after homework 32 
 2 Very little homework 17 
 3 Nothing to do/sleep/free 14 
 4 Can go home early/no remedial/no CCA 10 
    
  Students without free time:  
 1 A lot of homework 25 
 2 Get home late/extra lessons/CCA 12 
 3 Have tuition 10 
 4 Have family responsibilities 4 
Sec 
4/5 
 Students with free time:  
 1 Still have time for hobbies after homework 58 
 2 Nothing to do/sleep/free 17 
 3 Can go home early/no remedial/no CCA 11 
 4 Very little homework 4 
    
  Students without free time:  
 1 A lot of homework 58 
 2 Get home late/extra lessons/CCA 16 
 3 Have tuition 15 
 4 Tight schedule 4 
 
For students with free time on weekdays, ranking highest on the list for both levels is 
students still had time to do what they liked. They had time to do nothing and just 
sleep or hang around. For some, free time on weekdays was possible because there 
was no CCA or remedial lessons in the afternoons. Conversely, for students with no 
free time on weekdays, ranking highest on the list for both levels is the amount of 
homework assigned to them in school. They also got home late as these students had 
extra lessons or CCA in the afternoons. These students also wrote about having to go 
for private tuition, with more responses coming from graduating students.  
However, Secondary One students do not seem to be having a much easier time. 
Here is one comment in verbatim from a Secondary One student: ‘I seldom have free 
time as my parents want me to do as much work as possible when I am at home. 
Although I do not have a lot of free time when I am at home, I still have a little time 
to play my games just before I sleep at night’. 
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Some comments on free time not listed in the summary included being able to 
manage time well, completing homework fast, and making time for rest, etc. This 
comment is from a student from the graduating level, also in verbatim: ‘I ensure that 
I will have free time to enjoy to not be too stressed out.’  
Table 4.25 
Summary of Responses on How Students Spend Their Weekends 




to if they had 
free time on 
weekends. 
Sec 1  Students with free time:  
 1 Still have time for hobbies after homework 45 
 2 Time with family/stay home 21 
 3 Nothing to do/sleep/free 14 
 4 No tuition 14 
    
  Students without free time:  
 1 A lot of homework 15 
 2 Have tuition 18 
 3 Have extra outside lessons e.g. ballet 4 
 4 Have family responsibilities 3 
Sec 
4/5 
 Students with free time:  
 1 Still have time for hobbies after homework 58 
 2 Nothing to do/sleep/free 25 
 3 Time with family/stay home 15 
 4 Go out and relax 14 
    
  Students without free time:  
 1 A lot of homework 29 
 2 Have tuition 20 
 3 Have extra outside lessons e.g. music 5 
 4 Busy schedule 4 
 
Similar responses can be observed from students’ comments on how they use their 
time on weekends. Both levels still had time for their hobbies and spend time with 
their families. However, more students seem to be going for private tuitions. Nine 
students had to go for extra enrichment lessons like ballet and music classes. 
To gain insight on students’ views on schooling in general, students were asked 
whether they liked school and to elaborate on their answers. They were also asked to 
comment on anything about school in general. The summaries of comments on free 
time for weekdays and weekends respectively are presented in Tables 4.26 and 4.27. 
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86.2% of Secondary One students and 82.9% of Secondary Four/Five students 
indicated that they liked school. The summary of the responses is appended below. 
 
Table 4.26 
Summary of Responses on Reasons for Liking or Not Liking School 
Item Level  Categories Tally 
Explain why 
you like or do 
not like school. 
Sec 1  Liked school:  
 1 Friends 84 
 2 Fun/Interesting/Enjoyable lessons 35 
 3 Learn 33 
 4 Teachers 10 
    
  Did not Like school:  
 1 Stressful/too much homework 7 
 2 Boring 5 
 3 Teachers 3 
 4 Long hours/wake up early/go home late 2 
    
Sec 4/5  Liked school:  
 1 Friends 74 
 2 Fun/Interesting/Enjoyable lessons 27 
 3 Learn 19 
 4 Environment  4 
    
  Did not Like school:  
 1 Boring 6 
 2 Long hours/wake up early/go home late 5 
 3 Stressful/too much homework 3 
 4 Teachers 2 
 
From the summary of those who responded to the item to explain their responses, 
Friends ranked highest with the most responses for both levels. Both levels found 
lessons enjoyable on the whole and liked the opportunity to learn, in the same order 
of ranking. This is summarized nicely by a student, who wrote, ‘We get to see our 
classmates and learn new things in school’. 
Conversely, the reasons for not liking school varied slightly between the two levels 
of students, with Stress ranking first for the Secondary One level and Boredom for 
the Secondary Four/Five level. Adverse relationships with teachers made it up the list 




Summary of Responses on School in General 




Sec 1  Positive comments:  
 1 Like / love the school 15 
 2 Found it okay 9 
 3 Environment beautiful/clean 8 
 4 Like teachers 3 
    
  Negative comments:  
 1 Long hours 5 
 2 Improve facilities 5 
 3 Unruly students 5 
 4 Unfriendly teachers 4 
    
Sec 
4/5 
 Positive comments:  
 1 Like / love the school 10 
 2 Found it okay 11 
 3 Environment beautiful/clean 3 
 4 Like teachers 1 
    
  Negative comments:  
 1 Improve facilities 18 
 2 Don’t like school 5 
 3 More non-academic events 4 
 4 Start lessons later and end earlier 4 
 
For students who responded to this item, both levels had similar responses, with the 
highest ranking comment for both levels being they love the school despite the high 
levels of stress. However, the older students were more critical and thought that 
facilities in school could be further improved, for example, installing more air-
conditioners as it was still hot with fans.  
Of interest, liking teachers made it into the list for both levels, but with more 
responses from the younger Secondary One students.  
For students who responded to this item, unfavourable responses were rather 
disparate, with the highest ranking comment for Secondary One students being the 
long school hours while that for Secondary Four/Five students being school facilities 
below their expectations. 
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However, there were comments that did not make it into the summary above. One 
unfavourable comment was on the school system, stated as follows verbatim: ‘I hate 
the school system. I feel that the recess period should be longer. I feel that the school 
should give us more freedom to do what we want. I feel that the school should not 
comment on our attire as at the end of the day, our attire won’t bring us any extra 
marks. I feel that the school should not catch us for our hair. I feel that school should 
let us have full mobility on where we can go at any time of school, whether it is 
going out of school or going to the toilet without the need for permissions. I feel that 
the school should not have any punishments, suspensions, or caning for late students. 
I feel that the school should encourage us students to feel free to do what we want 
and enhance our creativity. I feel that the school should have less school rules and 
less discipline’.  
In a nutshell, it seems that the majority of students still have favourable views of the 
school despite the long hours and high stress. However, there are students who feel 
that the school is stifling with too many rules that might stunt creativity in students. 
 
Answer to Research Question 6: 
In a neighbourhood school in Singapore, what are students’ opinions about their 
school, Science and what makes Science lessons enjoyable? 
To find out more about the students’ views on Science, the students were asked if 
they liked Science presently and if they liked it in Primary school. 68.4% of 
Secondary One students and 68.9% of Secondary Four/Five students said they 
enjoyed Science presently while 82.0% of Secondary One students and 66.8% of 
Secondary Four/Five students enjoyed Science in Primary school. Although these 
results are consistent with the results obtained in Research Question 2 on attitudes 
towards Science, they revealed an unexpected sharp decline in the percentage of 
students liking Science in the past. 
The summaries of students’ elaborations were used to shed light on these responses. 
For both levels, ranking first and second for reasons on why they liked Science was 
that it was fun and interesting and they found that new knowledge learnt was useful. 
Liking Science because it was easy to understand also made it to the list for both 
levels. Secondary One students also liked Science because there were lots of 
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experiments to do. These explained why the majority of students still had positive 
attitudes towards Science. Top of the list, for both levels, on why students disliked 
Science revealed that Science was getting too difficult for them to understand.  
Ranking first for reasons on why students liked Science in Primary school was that it 
was fun and interesting. Interestingly, both liking and disliking teachers made it to 
the lists of why students liked or disliked Science in Primary school for the 
Secondary One level. However, although Science was still hard to understand, the 
number of responses was lower for both levels and there was a drop in ranking for 
the Secondary One level. 
These revealed that teacher-student interpersonal relationships as well as the level of 
difficulty of Science could affect students’ attitude towards Science as they progress 
from Primary school into Secondary school. 
Next, students were asked what they would like to see more of in Science lessons. 
Responses gleaned from this section would shed light on the activities that make 
Science enjoyable to them. Not surprisingly, opportunities to do experiments ranked 
first for both levels of students. Both levels also wanted Science lessons to be more 
fun with more games and hands-on activities. Both levels wanted to be able to 
choose topics of study, although ranking for this was much higher for the Secondary 
One level. Computer usage for lessons also made it to the list for both levels, 
although ranking for this was again much higher for the Secondary One level. This 
indicates that more Secondary One students hoped to work more with computers in 
Science lessons and have more say in choice of topics of study while more students 
in Secondary Four/Five understandably wanted more easy-to-understand notes to 
help them prepare for the pending national examinations. Secondary One students 
also wanted project work or group work and wanted better student-teacher 
relationships. 
To gain insight on whether students were coping with their studies, they were also 
asked for their opinions on workload, if they had free time on weekdays and 
weekends, and to elaborate on how they spent their free time if any. 73.8% of 
Secondary One students and 67.1% of Secondary Four/Five students found their load 
manageable; while 14.8% of Secondary One students and 24.8% of Secondary 
Four/Five students found their load heavy.   
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With regard to free time, although the percentage of students without free time on 
weekends is less than that on weekdays, the percentages of students without free time 
on weekends are still considerably high for both levels, namely 16.3% for Secondary 
One students and 20.2% for Secondary Four/Five students. 
For students with free time on weekdays, ranking highest on the list for both levels is 
students still had time to do what they liked. For some, free time on weekdays was 
possible because there was no CCA or remedial lessons in the afternoons. 
Conversely, for students with no free time on weekdays, ranking highest on the list 
for both levels was the large amount of homework assigned to them, followed by 
having to attend remedial lessons or CCAs. They also wrote about having to go for 
private tuition.  
Similar responses can be observed in students’ comments on how they use their time 
on weekends. Both levels still had time for their hobbies and spend time with their 
families. However, as students are supposed to be freer on weekends, more students 
seem to be going for private tuitions and extra enrichment lessons like ballet and 
music classes. 
To gain insight on students’ views on school, both levels were asked about their 
opinions on school in general. 86.2% of Secondary One students and 82.9% of 
Secondary Four/Five students indicated that they liked school despite the workload 
and lack of free time.  
Friends ranked highest with the most responses for both levels on why they still liked 
school. Students from both levels also liked school because lessons were enjoyable 
on the whole and they liked the opportunity to learn new knowledge, showing that 
students who found lessons enjoyable tend to like school, regardless of whether they 
were lower or upper Secondary students. 
Conversely, the reasons for not liking school varied between the two levels, with 
stress ranking first for the Secondary One level and boredom for the Secondary 
Four/Five level. Adverse relationships with teachers made it up the list not just for 
the Secondary One level, but also for the Secondary Four/Five level, showing that 
good teacher-student interpersonal relationship could affect whether a student liked 




For students who responded to this item, both levels had similar responses, with the 
highest ranking comment for both levels being they love the school. However, the 
older students were more critical and thought that facilities in school could be further 
improved, for example, installing more air-conditioners as it was still hot with fans. 
Liking teachers made it into the list for both levels, but with more responses from the 
younger Secondary One students.  
Unfavourable responses on school were rather disparate, with the highest ranking 
comment for Secondary One students being the long school hours while that for 
Secondary Four/Five students was that school facilities were below their 
expectations. 
4.3 SUMMARY  
Research Question 1: 
The reliability and discriminant validity analyses for each of the three instruments 
suggest that there is acceptable internal consistency and mean correlation values 
between scales with this sample of secondary school students, showing that the 
instruments are reliable and valid instruments for studying science learning 
environments in a Singapore secondary school 
Research Question 2: 
Results from the WIHIC (Actual and Preferred versions) revealed that, although both 
grade levels of students found the Science learning environments favourable, there is 
room for improvements as significant differences were found between the actual and 
preferred environments. Results seemed to indicate that Secondary One students 
wanted more help from the teacher and friendlier teachers who trust and show a 
personal interest in them. They also wanted more participation in discussions and 
opportunities to enjoy the class. They wanted teachers to treat them more equally. 
But most of all, Secondary One students wanted lessons that gave emphasis on skills 
and their use in problem solving investigations. Results for students from the 
graduating level seemed to indicate that they wanted more help from the teacher and 
friendlier teachers who trust and show a personal interest in them. Like the 
Secondary One students, they also wanted lessons that gave emphasis to the skills 
and their use in problem solving investigations but, unlike the Secondary One 
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students, the graduating level of students wanted mostly to participate in discussions 
and opportunities to enjoy the class. 
Results of the QTI showed that the students as a whole school perceived their 
teachers as displaying leadership and cooperative behaviours, as well as strict 
behaviours, when it came to serious work. They perceived their teachers as able to 
lead and hold students’ attention in class, as friendly and helpful, and understanding, 
all with responses near 3 ‘Sometimes’ in the questionnaire. The findings from the 
QTI are consistent with results from the qualitative component in Research Question 
6 for which very few students indicated a dislike for the Science teacher. However, 
the lower means for the Student Responsibility scale show that more opportunities 
can be given to students to assume responsibilities for their own learning. 
Students’ attitudes to Science as a subject and computer usage in lessons were 
favourable. These findings for Attitude are consistent with results from the 
qualitative component concerning why they liked or disliked Science and what they 
wanted to see more of in Science lessons in Research Question 6. With regard to 
Efficacy, students did not feel confident about their ability to do well for Science.  
Research Question 3: 
None of the seven scales of either the actual or preferred learning environments were 
found to have statistically significant differences between grade levels. However, 
when these findings were taken in conjunction with results from the qualitative 
component in Research Question 6, results seemed to indicate that students from 
both levels are fairly satisfied with the Science learning environment. 
For teacher-student interaction, results seemed to indicate that students in the 
Secondary Four/Five levels wanted more leadership behaviour from their teachers. 
They thought that their teachers were more understanding but also more strict. 
Students in the Secondary One level, on the other hand, perceived their teachers to 
exhibit more uncertain behaviours. They also thought their Science teachers were 
more dissatisfied with them. 
With regard to attitude, out of the three scales, only the Attitude to Computers scale 
was found to have statistically significant difference between the graduating level 
and the Secondary One level, with the younger students exhibiting higher means. 
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Research Question 4: 
For the WIHIC (Actual), only one out of seven scales was found to have statistically 
significant gender differences and that was for the scale of Investigation (F=9.00, 
p<0.01), with the average item means being higher for boys than for girls. For the 
WIHIC (Preferred), two out of seven scales were found to have statistically 
significant gender differences, namely, Student Involvement (F=5.90, p<0.05) and 
Investigation (F=9.94, p<0.01), with the average item means for boys higher than 
those for girls. It was also observed that Investigation had the largest gender gap, 
followed by the Involvement scale. The average item means for boys were also 
higher than the means for girls.. 
For the QTI, although both genders perceived their Science teachers as displaying 
cooperative but strict behaviours, four out of eight scales were found to have 
statistically significant gender differences, namely, Uncertain (F=5.67, p<0.05), 
Dissatisfied (F=12.40, p<0.001), Admonishing (F=11.77, p<0.001) and Strict 
(F=11.06, p<0.001), with all means being higher for boys than for girls. The results 
for these scales show that boys perceived their Science teachers as being more 
uncertain, admonishing and strict and that they thought that their Science teachers 
were more dissatisfied with students in class. As a side note, it should be highlighted 
that there were no significant gender differences observed for the scale of Equity, 
confirming the prediction that there would be minimal gender differences in this area. 
For the Attitude scales, all the three scales of Attitude to Science (F=15.82, p<0.001), 
Academic Efficacy (F=11.26, p<0.001) and Attitude to Computers (F=10.83, 
p<0.001) were found to have a statistically significant difference between the 
genders, with boys exhibiting higher means.  
Research Question 5: 
A simple correlation with attitude revealed a positive relationship with each of the 
scales in the WIHIC. Except for Investigation with Attitude to Computers, all the 
other correlations were significant (p<0.05). The main independent contributors to 
Attitude towards Science were Teacher Support and Task Orientation scales. The 
main contributors to Academic Efficacy were Involvement and Task Orientation. 




A simple correlation analysis with Achievement revealed negative correlations for 
the scales of Student Cohesiveness and Teacher Support. The main independent 
contributors to Achievement were also Teacher Support and Task Orientation scales.  
Only Task Orientation was an independent contributor to all Attitude to Science, 
Academic Efficacy and Achievement in Science scales. 
There were significant positive correlations between the cooperative scales of teacher 
behaviour and the Attitude to Science and Academic Efficacy scales (p<0.01). For 
Attitude to Subject, r values for the cooperative scales ranged from 0.33 to 0.44 
while, for Academic Efficacy, r values for the cooperative scales ranged from 0.18 to 
0.26. The positive association between teacher-student interpersonal relationship and 
students’ attitudes towards Science is consistent with findings for Research Question 
6. No significant correlation was observed between the QTI scales and Attitude to 
computers.  
For Achievement, there was a significant positive correlation between achievement 
and the Strict scale, indicating that students need strict teachers in order to do well 
for examinations.  
Research Question 6: 
Results from the qualitative component revealed that students had positive attitudes 
towards Science. Students from both levels liked Science because they found the 
subject to be fun and enjoyable. They found new knowledge learnt during Science 
lessons useful and they also liked Science because it was relatively easy to 
understand. Students also liked Science because there was opportunity to do 
experiments in this subject. Results also revealed that teacher-student interpersonal 
relationships, as well as the level of difficulty of Science, could affect students’ 
attitude towards Science, particularly as they progress from Primary school into 
Secondary school.  
Both levels of students wanted more opportunities to do experiments in Science 
lessons. They also wanted Science lessons to be more fun with more games and 
hands-on activities, and they wanted to be able to choose topics of study. Computer 
usage for lessons also made it to the list for both levels. Secondary Four/Five 
students wanted easy-to-understand notes for lessons to help them to prepare for 
national examinations. Secondary One students also wanted project work or group 
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work in their Science lessons and they wanted to see better student-teacher 
relationships. 
Students also had favourable attitudes towards school on the whole. 73.8% of 
Secondary One students and 67.1% of Secondary Four/Five students found their load 
manageable, whereas 14.8% of Secondary One students and 24.8% of Secondary 
Four/Five students found their load heavy. With regards to free time, the percentages 
of students without free time on weekends were still considerably high for both 
levels, namely, 16.3% for Secondary One students and 20.2% for Secondary 
Four/Five students. 
To gain insight into students’ views of school, students at both levels were asked 
about their opinions of school in general. 86.2% of Secondary One students and 
82.9% of Secondary Four/Five students indicated that they liked school, despite the 
heavy workload and lack of free time. Friends ranked highest for both levels for why 
students still liked school. Both levels also liked school because lessons were 
enjoyable on the whole and because they liked the opportunity to learn.  
Conversely, the reasons for not liking school varied between the two levels, with 
stress ranking first for the Secondary One level and boredom for the Secondary 
Four/Five level. Adverse relationships with teachers made it up the list not just for 
the Secondary level, but also for the Secondary Four/Five level. Liking teachers 
made it into the list for both levels, but with more responses from the younger 
Secondary One students. Unfavourable responses about school were rather disparate, 
with the highest ranking comment for Secondary One students being the long school 
hours and for Secondary Four/Five students being that school facilities could be 
improved. 
In a nutshell, it seems that the majority of students still have favourable views of the 
school despite the long hours and high stress. Conversely, there were students who 
felt that school was stifling with too many rules that might stunt their creativity. 
When both lower- and upper-Secondary students found lessons enjoyable, they tend 
to like the Science more and like school too. Moreover, good teacher-student 








In this final chapter, an overview of the thesis is presented in Section 5.2. It is 
followed by a discussion of the findings in Section 5.3. The findings are presented 
research question by research question, although some of the findings from Research 
Questions 5 (on associations) and 6 (the qualitative component) are integrated with 
Research Questions 2, 3 and 4.  
Next, the significance and limitations of the study are covered in Section 5.4, 
followed by implications of the study and recommendations for future research in 
Section 5.5. A final word in Section 5.6 concludes this thesis. 
 
5.2 OVERVIEW OF THESIS 
In Chapter One, an introduction to Singapore as a country was first given followed 
by some background information on the Singapore education system, with emphasis 
on secondary education. Next, the purpose and significance of the study, followed by 
the rationale for the study and delimitations of the study, were presented. The 
research questions were first introduced in this chapter, which concluded with an 
overview of the thesis. 
In Chapter Two, the literature review covered four main areas - learning 
environments, Science curricula and assessment in Singapore, teaching and learning 
with an emphasis on that of science, and assessment with an emphasis on alternative 
methods of assessment. For the literature review on learning environments, a 
historical background of environment research and past research on how the 
classroom environment can be rigorously described and measured were provided. 
This was followed by a review of past studies carried out in Singapore. From here, 
instruments with good validity and reliability for use in our Singapore context were 
reviewed in detail. This section ended with the selection of the instruments for use in 
this study and how they can be used in conjunction with each other. The What Is 
Happening In this Class? (WIHIC) in both Actual and Preferred versions was 
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selected for the measurement of classroom learning environment; the Questionnaire 
on Teacher Interaction (QTI) in its Student version was selected for added insights 
into student-teacher interactions in the classrooms; and the attitude scales from the 
Technology-Rich Outcomes-Focused Learning Environment Inventory (TROFLEI) 
were selected for capturing a more comprehensive picture of students’ attitudes. This 
was incorporated into the second part of a self-designed Getting to Know You 
(GTKY) questionnaire. The first part of the GTKY questionnaire comprised a 
qualitative component with open-ended questions to find out students’ attitudes and 
general views of school and workload. Results from this qualitative component of the 
GTKY offered more in-depth understanding of the results from the quantitative 
component and allowed for triangulation of the findings. 
A section on Science curricula and assessment in Singapore was included to give 
more background understanding of Science education in a Singapore Secondary 
school. 
Chapter Two continued with a section pertaining to teaching and learning, with 
emphasis on Science so as to provide insight into how it might be made more 
meaningful, and how passion in science can be ignited and maintained. Suggestions 
on how technology can be harnessed were included. This section concluded with a 
literature review on common associations of learning environments and student-
teacher interactions with student attitudes and cognitive performance in the subject.  
Chapter Two concluded with a literature review on assessment. An introduction to 
the various types of assessment was given, with particular emphasis on assessment 
for learning. This was followed by a literature review that focused on alternative 
assessments methods which are less stressful without loss of rigour. Armed with this 
knowledge, it was possible for me to suggest alternative methods of assessment, 
which could make learning less stressful and more enjoyable without losing too 
much of the rigour that is so important in an outcomes-based learning environment.  
In Chapter Three, the methodology of the study was described and presented. The 
chapter began with an introduction to the different types of research methods. From 
here, the mixed-method research design was selected and the theoretical and 
conceptual frameworks derived. As the study involved the concurrent collection of 
qualitative and quantitative data, with the qualitative component embedded in the 
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quantitative component, the concurrent embedded strategy was used, with more 
weight being given to the quantitative component. Before the actual data collection, a 
pilot study was conducted so that the online data-collection process could be tested, 
including the allocated time, wording of the instruments and survey fatigue. The 
selection of mid-year examinations results as a performance measure gave a more 
accurate portrayal of the students’ achievement scores at the time when the 
environment was measured, thereby minimizing factors that could change after the 
first semester, such as the timetables, teachers, or tuition in anticipation of end-of-
the-year examinations.  
The data collected were carefully transferred into Excel spreadsheets during the data 
entry phase class by class so that they could easily be imported into IBM® SPSS® 
Statistics Version 20. After the data were transferred into Excel, the coding was quite 
straightforward for all of the questionnaire items except that for the Attitude scales of 
the GTKY questionnaire which included some negatively-worded items. For these, 
the coding of these items had to be reversed. After the coding, the data in Excel 
spreadsheets containing all of the students’ responses were finally ready in April of 
the following year in 2014 and imported into SPSS for statistical computations and 
data analyses. In SPSS, entries with blank values were automatically deleted, 
resulting in different N values during the data analyses. 
The qualitative component of the GTKY questionnaire that provided students’ 
general views of school and Science as a subject were painstakingly summarized and 
tallied during the December vacation of 2014.  
In Chapter Four, results and analyses generated by SPSS were presented, and the 
research questions were answered one by one. For Research Question 1, the validity 
and reliability of the questionnaires for use in the context of this study in Singapore 
were established. Next, to answer Research Question 2, student responses to the 
actual and the preferred versions of the WIHIC were compared. Past research was 
replicated in that the preferred scores and were higher than actual scores. After this, 
student responses to the QTI and attitude scales in the GTKY questionnaires were 
discussed. To answer Research Questions 3 and 4, grade level and gender differences 
in student responses were established and discussed. For Research Question 5, 
associations between learning environment scales and student outcomes (attitude and 
achievement) were examined and significant correlations between scales reported. It 
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ends with Research Question 6, which captures students’ opinions of science, 
workload and school in general, making up the qualitative aspect of the study. 
Answers to these research questions revealed whether there were any significant 
differences between the actual and preferred WIHIC means and between the students 
in the graduating level and Secondary One level, and if there were any associations 
between the learning environment scales and attitude scales and achievement in the 
subject, as well between student-teacher interpersonal relationship scales and attitude 
scales and achievement in the subject. 
Chapter Five, the final chapter, focuses on the findings of the thesis and integrates 
them with the literature review in Chapter Two, aiming at discovering the answer to 
the larger objective of the study, which was to find out if students enjoy learning 
science in a neighbourhood Secondary school in Singapore. This chapter also 
includes discussion of limitations of the study and recommendations for future 
research. A final word concludes the chapter.  
 
5.3 FINDINGS AND CONCLUSION 
To meet the aim of the study, namely, to find out if students enjoy learning science in 
a neighbourhood Secondary school in Singapore, six sets of research questions were 
developed which then became the focus of the study.  
To begin, I needed to develop an understanding of the learning environments of 
science classrooms in the Singapore neighbourhood Secondary school. This was 
captured mainly through the use of WIHIC (Actual version) and WIHIC (Preferred 
version) questionnaires. The QTI (Student version) was also administered which 
provided more insights into classroom dynamics by capturing student-teacher 
interactions in these classroom environments. In addition, a third questionnaire, the 
GTKY, comprised of a comprehensive set of Attitude scales, was administered to 
capture students’ attitudes towards Science.  
The GTKY also contained some open-ended questions that formed the qualitative 
component of the study to glean information on general views of school and 
workload, etc. The findings from the embedded qualitative component could be used 
to triangulate the findings of the quantitative components of the study. Positive 
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triangulated results obtained would mean that students were enjoying Science in a 
neighbourhood Secondary school in Singapore. 
But before these instruments could be used, their reliability and validity had to be 
checked in the setting used before any other results derived from the questionnaires 
could be used with confidence. The first research question accomplished this.  
5.3.1 Findings for Research Question 1 
Are the instruments used, namely, the WIHIC (Actual and Preferred), the QTI 
(Student version), and the Attitude Scales in GTKY, reliable and valid instruments 
for studying science learning environments in a Singapore Secondary school?  
Cronbach’s alpha reliability coefficients for all the questionnaires well above 0.80 
for the scales of the WIHIC (Actual and Preferred), well above 0.60 for the Attitude 
scales, and more than 0.60 for the QTI scales. This was consistent with past research 
in which these instruments were employed.  
Inter-scale correlation tests to establish discriminant validity for the WIHIC and 
Attitude scales in the GTKY generated mean correlation indices that were less than 1 
and low enough to indicate a reasonable level of scale independence, showing that 
they measured distinct although somewhat overlapping aspects of the scales. To 
further establish validity, and in keeping with established traditions of learning 
environment research, the eta2 statistic was estimated for the WIHIC instrument. The 
eta2 values showed significant between-class differences on four scales - Teacher 
Support, Task Orientation, Equity and Cooperation. The percentage of variance 
attributed to class membership was 6 to 10%, showing the WIHIC scales’ ability to 
differentiate significantly between students’ perceptions in different classes on these 
four scales. Compared with previous research, these percentages are a little lower but 
the sample used in this study was from one school. Furthermore, scales such as 
Student Cohesiveness might not be as different between classes because it is 
potentially more influenced by peer relationships than by what takes place in a 
classroom. 
The validity for the QTI scales was established because the mean correlation indices 
generated followed the circumplex model with minor discrepancies. 
Finding 1:  
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The reliability, discriminant validity, and circumplex model analyses for each of the 
three instruments suggest that they are reliable and valid for studying the science 
learning environments in a Singapore Secondary school setting. 
Once reliability and validity were established, the rest of the research questions could 
be answered and a comprehensive picture of the Science classroom environments in 
the Singapore neighbourhood Secondary school emerged. As mentioned, the findings 
obtained for Research Question 6 with the embedded qualitative component could be 
triangulated with the findings of the quantitative component from the preceding 
research questions, and therefore they also are integrated into the presentation of the 
findings for the following research questions. Likewise, some results of Research 
Question 5 could be integrated into preceding research questions for consolidation of 
the findings. 
5.3.2 Findings for Research Question 2 
a. What are students’ perceptions of the actual Science learning environment in a 
neighbourhood Secondary school? 
b. What are students’ preferred Science learning environments in a neighbourhood 
Secondary school? 
c. Are there any differences between students’ perceptions of the actual learning 
environment and what they would prefer it to be? 
d. What are students’ perceptions of their teacher-student interactions? 
e. What are students’ attitudes towards Science in a neighbourhood Secondary school? 
The actual and preferred Science classroom environments were measured using the 
WIHIC (Actual) and the WIHIC (Preferred), respectively. The first eight findings 
presented in this section pertain to the WIHIC. The next six findings pertain to the 
QTI, which gave added insights into student-teacher interactions. Finally, the last 
two findings pertain to the Attitude scales used in GTKY, which gave a 
comprehensive picture of students’ attitude towards Science.  
Learning environments with small differences between the actual and preferred 
environments and better student-teacher interpersonal relationships mean happier 
students in the Science classrooms. Results from the attitude scales also gave a good 
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indication of whether students are enjoying the subject as students who enjoy a 
subject would tend to have better attitudes towards the subject.  
Finding 2: 
A first glance at the results from both the WIHIC (Actual) and WIHIC (Preferred) 
revealed that students found the Science learning environments favourable, with the 
means mostly between 3 ‘ Sometimes’ and 4‘Often’ in the questionnaires. 
However, the means for the Investigation scale was lowest for both the levels, at 2.93 
for the graduating level and 2.94 for the Secondary One level, indicating that 
opportunities for students to carry out investigations could be given more emphasis 
in Science lessons.  
Finding 3: 
Upon scrutiny, statistical tests conducted to compare the WIHIC (Actual) to the 
WIHIC (Preferred) revealed that there were significant differences between the 
Actual and Preferred means for five out of seven scales at the school level, namely, 
Student Cohesiveness, Teacher Support, Involvement, Investigation and Equity. The 
literature and a number of significant differences between the actual means and the 
preferred means suggest that, although the current Science learning environments are 
favourable, the students could be happier. 
Finding 4: 
When the data were split by grade level, significant differences between the Actual 
and Preferred means were obtained for four out of seven scales at the Secondary One 
entry level, namely, Teacher Support, Involvement, Investigation and Equity, while 
significant differences between the Actual and Preferred means were obtained for 
only three out of seven scales at the Secondary Four/Five exit level, namely, Teacher 
Support, Involvement, and Investigation. Unlike the Secondary One students, the 
graduating level of students did not have an issue with equity, which is the extent to 
which Science teachers treat their students equally.  
As the graduating level, significant differences for one less scale might in fact 
suggest that the Secondary Four/Five students are slightly happier when compared 




Upon further scrutiny, the actual mean value for the Equity scale of 3.34 for 
Secondary One students is actually identical to that for the Secondary Four/Five 
students, except that the preferred mean is higher for the Secondary One students. 
Nevertheless, this value, which is nearer to 3 ‘Sometimes’ in the questionnaires, 
indicated that teachers teaching Secondary One students could still do more to make 
their students feel that they are being treated more equally. 
Finding 6: 
The WIHIC results also revealed that both levels of students wanted more teacher 
support, that is, they wanted more help from their teacher or friendlier teachers who 
trust and show a personal interest in them. The means of 3.12 for Secondary One 
students and 3.16 Secondary Four/Five students are nearer to 3‘Sometimes’ in the 
questionnaires, confirming that, although teachers are on the whole supportive and 
friendly, more can still be done in this area. Teachers could perhaps slow down a 
little during lessons to show more interest in their students.  
Finding 7: 
The WIHIC results also revealed that both levels of students wanted more 
involvement in class; that is, they wanted more opportunities to participate in 
discussions and basically just to enjoy the class. The means of 3.00 for Secondary 
One students and 3.02 Secondary Four/Five students fall on 3‘Sometimes’ in the 
questionnaires, confirming that teachers could indeed do more to provide more 
opportunities for discussions in class. Once again, if possible, teachers could slow 
down the pace of lessons so students could take time to enjoy more the process of 
learning. 
Finding 8: 
The WIHIC results also revealed that both levels of students wanted more 
opportunities for investigations in lessons. As mentioned earlier, the means for this 
scale were the lowest for both levels, confirming the need for teachers to improve 
most in this area by providing more opportunities for students to carry out problem 
solving with investigations. 
The school has just started the Applied Learning Programme (ALP) for lower 
Secondary levels in 2014 that aims to make learning more authentic and enjoyable. 
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With this, students have added opportunities to hone their investigative skills in the 
ALP on top of the usual practical sessions when students are given opportunities to 
carry out experiments for investigations. 
Finding 9: 
These results were next interpreted together with findings from Research Question 6, 
which revealed that Secondary One students liked Science because there were lots of 
experiments. Moreover, when asked what students wanted to see more of during 
their Science lessons, both levels of students wanted more opportunities to do 
experiments in Science lessons. This probably explained the gap between actual and 
preferred environments with regards to investigation.  
In the light of these consolidated results, it could be interpreted that students are on 
the whole happy in their current Science learning environments, despite the 
differences found between the actual and preferred environments, with slightly better 
results for the graduating students in the Secondary Four/Five level.  
Finding 10: 
With regards to teacher-student interactions, results for the QTI showed that the 
means are correspondingly higher on one side of the circumplex model (with the 
slightly lower mean value of 2.81 for the Responsibility scale) than on the other side 
of the model (with the slightly higher mean value of 3.10 for the Strict scale), 
indicating that students from both levels perceived their teachers as displaying 
cooperative albeit strict behaviours. Students from both levels perceived their 
teachers as being able to lead and hold students’ attention in class and to be friendly, 
helpful, and understanding.  
The findings from the QTI are consistent with results from the qualitative component 
in Research Question 6 for which very few students indicated a dislike for the 
Science teacher. This integrated finding indicates good teacher-student interactions, 






Integrating results obtained for Research Question 5, the combination of teachers 
displaying cooperative albeit strict behaviours seems to be a positive attribute as 
there was a significant positive correlation between achievement and the Strict scale, 
with 18% of the contribution from this scale alone. This could be because classroom 
discipline tends to be better with strict teachers. However, this strictness must be 
tempered with other cooperative behaviours such as leadership, helpfulness and 
understanding.  
Finding 12: 
The lower mean value for the Responsibility scale revealed that teachers from both 
levels also had the tendency not to give opportunities for students to assume personal 
responsibilities. This is an important area of concern because teachers need to 
provide students with opportunities to learn how to be responsible for their own 
learning in order to realize the greater aim for students to be successful lifelong 
learners who delight in learning long after they graduate from school. Teachers must 
learn how to let go more and provide students with opportunities to develop into self-
regulated learners. Without this opportunity to learn how to be self-regulated learners, 
it would be difficult for students to develop into self-directed lifelong learners of the 
future. 
Finding 13: 
Interestingly, from Research Question 6, liking teachers did not make it to the list for 
both levels of students for reasons why they liked Science. However, it did make it 
into the list for why students did not like Science for the Secondary One level, 
indicating that it is still important for strict teachers to build strong teacher-student 
interpersonal relationships, especially at the Lower Secondary level, as suggested in 
the literature review.  
Finding 14: 
Integrating results obtained from Research Question 5, significant positive 
correlations were found between the cooperative scales of teacher behaviour and 
Attitude to Science (p<0.01). The correlations for the cooperative scales ranged from 
0.33 to 0.44, suggesting that teacher behaviour has a moderate association with 
students’ attitude towards Science.  
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This means that, to enhance students’ attitudes towards Science, teachers should 
continue to strive to develop cooperative traits, that is, to be leaders who hold 
students’ attention in class, to be friendly and helpful, to be understanding, and to 
provide opportunities for students to learn how to be responsible for their own 
learning. 
Finding 15: 
Significant positive correlations were also found between the cooperative scales of 
teacher behaviour and the Academic Efficacy scales (p<0.01). The r values for the 
cooperative scales ranged from 0.18 to 0.26, indicating that teachers’ cooperative 
behaviours have a smaller effect on students’ confidence to do well in Science, 
compared with the effect on students’ attitudes towards Science.  
Although teachers’ cooperative behaviours have a smaller positive effect on 
students’ academic efficacy, it is still a positive correlation. As the building of a 
student’s confidence in the subject is crucial for achievement in the subject, teachers 
should still continue to strive to develop cooperative behaviours, however small this 
effect may be on academic efficacy.  
Finding 16: 
With regard to students’ attitudes, mean scores were 3.22 for the Attitude to Science 
scale and 3.66 for the Attitude to Computers scale, which suggest that students had 
favourable attitudes towards Science as a subject and the usage of computers for 
Science lessons, with the mean for computer usage being higher. 
These findings for Attitude are consistent with results from the qualitative 
component in Research Question 6. Students wrote about liking Science because it 
was fun and interesting, it was easy to understand, and they enjoyed the opportunity 
to do experiments. In particular, when asked what they wanted to see more of during 
their Science lessons, Computer usage for lessons made it to the list for both levels of 
students. 
Based on these results, and in line with the literature, teachers can continue to try to 
make Science as easy to understand as possible and to make it as much fun and as 
interesting as possible, for instance, by incorporating more opportunities for 




However, the mean score of 2.74 for the Academic Efficacy scale revealed that 
students did not feel confident about their ability to do well for Science. 
This is another important area of concern because the literature review suggests that 
academic efficacy has direct impact not only on students’ performance in the subject, 
but also on the other components of attitudes, namely, attitudes towards Science per 
se.  
5.3.3 Findings for Research Questions 3 and 4 
Are there differences between graduating classes and Secondary One classes in 
students’ perception of the actual Science learning environment, preferred Science 
learning environment, teacher-student interactions, and students’ attitudes towards 
Science? 
Are there gender differences in students’ perception of the actual Science learning 
environment, preferred Science learning environment, interpersonal behaviour of 
their science teachers, and students’ attitudes towards Science? 
Having described the learning environments comprehensively in three main areas in 
Research Question 2, I could next proceed to find out if there were any differences 
between the results obtained for the Secondary One level and the Secondary 
Four/Five level in order to determine if students still enjoyed Science by the time 
they left Secondary school. Investigations were also undertaken to ascertain whether 
the results depended on the gender of the students. Seven more findings are 
presented in this section, with the first three pertaining to the learning environments, 
the next three pertaining to teacher-student interactions and the last two pertaining to 
attitudes.  
Finding 18: 
Results of ANOVAs generated for the WIHIC (Actual) and WIHIC (Preferred) 
revealed no statistically significant differences for all the scales. This lack of any 
significant differences between the two levels for both the WIHIC (Actual) and the 
WIHIC (Preferred) in either direction confirms our previous findings that students 
leave school as happy as when they had entered. Findings from the qualitative 
component in Research Question 6, which revealed similar percentages of Secondary 
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Four/Five liking Science presently (68.9%) and Secondary One students liking 
Science presently (68.4%) confirms this finding. 
Finding 19: 
For the WIHIC (Actual), one of the seven scales was found to have a statistically 
significant gender difference, namely, Investigation (F=9.00, p<0.01), with boys 
perceiving the Science class as having more investigative opportunities than girls. 
However, despite this, results from the WIHIC (Preferred) revealed that boys wanted 
yet more opportunities for investigative work because a significant difference was 
found for the scale of Investigation (F=9.94, p<0.01), with the average item means 
for boys being higher than the means for girls. It was also observed that the 
Investigation scale had the largest gap for means. Based on this finding, teachers 
should try to incorporate more opportunities for students, especially in classes with 
more boys, to carry out investigative work, for example, by conducting more 
experiments. 
Finding 20: 
Results of the ANOVAs for the WIHIC (Preferred) not only revealed a statistically 
significant gender difference on the scale of Investigation, but also a significant 
difference was found for the scale of Student Involvement (F=5.90, p<0.05), also 
with the average item means for boys being higher than for girls. It was also 
observed that the Involvement scale had the second largest gender gap in the means. 
Combining results from Research Question 6, both levels of students indicated that 
they would like to have more opportunities to do experiments, have more hands-on 
activities, use the computer more, or even have more say in choice of topics. Based 
on this finding, for classes with more boys, teachers should try to incorporate these 
into Science lessons so that there is greater student involvement. 
Finding 21: 
Results of the ANOVAs for the QTI revealed that students in the Secondary 
Four/Five levels viewed their teachers as having more leadership behaviour while 
students in the Secondary One level viewed their teachers as more uncertain and 
dissatisfied. Secondary Four/Five students thought that their teachers were more 
understanding although strict. Combining findings from Research Question 6, a key 
reason why Secondary One students do not like Science is because they do not like 
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the Science teacher. Based on this finding, teachers should balance their 
dissatisfaction with their students with more words of encouragement and praises.  
Finding 22: 
Results of ANOVAs for the QTI revealed statistically significant gender differences 
on four scales, namely, Uncertain (F=5.67, p<0.05), Dissatisfied (F=12.40, p<0.001), 
Admonishing (F=11.77, p<0.001) and Strict (F=11.06, p<0.001), with higher means 
for boys for all the scales. The results for these scales show that boys perceived their 
Science teachers as being more uncertain, admonishing and strict and being more 
dissatisfied with students in class than girls. Based on this finding, in classes with 
more boys, teachers should take more care to balance their dissatisfaction with boys 
with more encouragement and praise. 
Finding 23: 
There was no significant gender difference observed on the scale of Equity, 
confirming that there should be minimal gender differences in the area of equity.  
Finding 24: 
Results of the ANOVAs generated on the attitude scales revealed that only the 
Attitude to Computers scale was found to have statistically significant difference 
between the graduating level and the Secondary One level, with the younger students 
exhibiting higher means. Based on this finding, teachers should take care to 
incorporate more computer usage into their Science lessons, especially with newer 
and younger generations of students. 
Finding 25: 
Results of the ANOVAs generated revealed statistically significant gender 
differences for all the attitude scales, with boys exhibiting higher means for all the 
three scales. Incorporating findings from Research Question 6, for which a key 
reason for not liking Science for the graduating level was the inability to pass, 
teachers could set bite-sized tests that are more manageable so as to offer girls more 




5.3.4 Findings for Research Question 5 
a. What associations are there between students’ perceptions of their Science 
environment and their attitudes towards Science? 
b. What associations are there between students’ perceptions of their Science 
environment and their achievement in Science? 
c. What associations are there between teacher-student interactions and their attitudes 
towards Science? 
d. What associations are there between teacher-student interactions and their 
achievement in Science? 
Results for this question would help to confirm literature reviews that emphasise the 
importance of improving classroom environments and teacher-student interpersonal 
relationships to enhance students’ attitudes as well as cognitive performance in 
Science. 
Four findings are presented in this section, with the first two pertaining to 
associations with the learning environment scales and the next two pertaining to 
associations with teacher-student interactions. Results for this research question that 
were integrated into the previous findings are reiterated here. 
Finding 26: 
All the learning environment scales were positively correlated with the Attitude 
scales. Except for Investigation with Attitude to Computers, all other correlations 
were significant (p<0.05). The r values ranged from 0.10 to 0.47, indicating low to 
moderate positive correlations between students’ attitudes and the learning 
environment.  
The learning environment scales most strongly related to Attitude towards Science 
were Teacher Support and Task Orientation, with 27% of the contribution coming 
from these two scales, indicating that a good way to enhance students’ attitude 
towards Science would be to provide more teacher support and encourage more 
student engagement in tasks.  
The learning environment scales most strongly to Academic Efficacy were the 
Involvement and Task Orientation scales, with 14% of the contribution coming from 
these two scales, indicating that a good way to enhance students’ academic efficacy 
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would be to provide more opportunity for students’ involvement and encourage more 
student on-task behaviour. There was no greatest contributor of learning environment 
scales to students’ attitude to computers. 
This confirms literature reviews that emphasize the importance of improving 
classroom environments to enhance students’ attitudes toward Science as a subject 
(especially in the areas of Teacher Support and Task Orientation) as well as to 
enhance students’ academic efficacy (especially in the areas of Involvement and 
Task Orientation).  
It is noted that Task Orientation has a double effect on students’ attitude. This means 
that, by encouraging more student engagement in tasks, not only would the attitudes 
towards the subject per se be enhanced, but the academic efficacy of the student 
would also be enhanced. 
Most students of this generation are technology-savvy. Further improvements in the 
learning environment would not significantly influence their attitudes towards the 
use of computers for learning. 
Finding 27: 
The simple correlation with Achievement was significant only for the learning 
environment scale of Task Orientation, r = 0.18 with p<0.01. The independent 
contributors to Achievement among the learning environment scales were also 
Teacher Support and Task Orientation scales, with 25% of the contribution coming 
from these two scales. 
Again, Task Orientation was significantly and positively correlated with 
Achievement in Science, showing that encouraging more student engagement in 
tasks is also important for improving achievement in Science. This is not surprising 
as Task Orientation also has positive correlations to Attitude in Science and 
Academic Efficacy.  
Finding 28: 
As mentioned in Findings 14 and 15, there were significant positive correlations 
between the cooperative scales of teacher behaviour and the Attitude to Science and 
Academic Efficacy scales (p<0.01).  
167 
 
For Attitude to Subject, the r values for the cooperative scales ranged from 0.33 to 
0.44, suggesting that the influence of teacher behaviour has a moderate correlation to 
students’ attitude towards Science. For Academic Efficacy, the r values for the 
cooperative scales ranged from 0.18 to 0.26, indicating that teacher behaviour has 
less effect on students’ confidence to do well in Science.  
No significant correlation was observed between the QTI scales and Attitude to 
computers, indicating that teachers’ behaviour has no effect on students’ attitudes 
towards computers. When combined with findings from Research Question 6, it was 
observed that students of this generation already likes using technology. Students do 
not need further encouragement from teachers to significantly influence their 
attitudes towards the use of computers for learning. 
Finding 29: 
As mentioned in Finding 11, there was only one significant positive correlation 
between achievement and the QTI scales, namely, the Strict scale for this sample of 
students, with 18% of the contribution from this scale alone. This means that students 
tend to do better in examinations when teachers are strict and demanding.  
Having said this, there should be a balance between this behaviour and the more 
cooperative behaviours. Based on the previous finding, these cooperative behaviours 
have a positive impact on attitudes towards Science as well as on Academic Efficacy. 
In particular, as revealed in Finding 12, teachers should improve Student 
Responsibility to help students to develop into self-regulated learners. Tight adult 
supervision means that students have less opportunity to learn how to make the right 
decisions themselves. This includes making decisions to be attentive in class and 
conduct independent revision that is self-initiated. 
5.3.5 Findings for Research Question 6 
In a neighbourhood school in Singapore, what are students’ opinions about their 
school, Science and what makes Science lessons enjoyable? 
The qualitative component of the study not only helped to triangulate results with the 
quantitative component, but it also helped to fill in gaps and to give a more holistic 
picture. Students were asked questions concerning their opinions about Science. 
They were asked if they liked science presently and if they liked it in Primary school 
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and to elaborate their answers. Next, they were asked what they would like to see 
more of in their Science lessons.  
Students were also asked additional questions on workload and school. To gauge 
students’ workload, students were asked if they had free time on weekdays and 
weekends and to elaborate on their answers. To find out more about the students’ 
views on school, students were asked for their opinions about the school in general, 
whether they liked the school and to elaborate on their answers.  
To make the analyses easier, the responses for each of the questions were 
summarized into main categories. From the summarized responses, it was then easier 
to see not only the ranking but the number of responses for each of the categories, 
giving us an indication of how much weighting each category had. 
Results for the preceding research questions have been integrated with findings from 
Research Question 6 in some of the preceding findings. This section presents six 
additional findings that have not been presented yet.  
Finding 30: 
As mentioned, 68.4% of Secondary One students and 68.9% of Secondary Four/Five 
students said that they enjoyed Science presently. This also means that 31.6% of 
Secondary One students and 31.1% of Secondary Four/Five students did not like 
Science. Knowing the reasons why these students did not like Science is important. 
Top reasons for not liking Science for both levels were that Science is difficult, 
boring and involves too much effort to learn. Secondary One students also wrote 
about not liking the teacher while Secondary Four/Five students also wrote about 
failing a lot or not being able to score highly in the subject. 
To help these students, it is important to try to make Science as easy to understand 
and as interesting as possible. Helping students to pass so they can have a feeling of 
success to enhance Academic Efficacy is crucial at the Upper Secondary level. 
Finding 31: 
The sharp drop in the percentage of students who like Science in Secondary One as 
compared to when they were in Primary school revealed that teacher-student 
interpersonal relationships, as well as the level of difficulty of Science, could affect 
students’ attitude towards Science. 
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To address the sharp drop in the percentage of students who liked Science in 
Secondary One relative to Primary school, not only should teachers try to make 
Science as easy to understand and as interesting as possible, but building stronger 
teacher-student interpersonal relationship is crucial, especially during this transition 
stage as students progress from Primary school into Secondary school. Combining 
results from previous findings, it seems that a good way to do this might be to slow 
down the pace of lessons to show more personal interest in students. 
Finding 32: 
When asked to elaborate on what they wanted to have more of in Science lessons, 
students of both levels wanted more opportunities to do experiments in lessons. They 
also wanted Science lessons to be more fun, with more games and hands-on activities, 
and they wanted to be able to choose topics of study. Computer usage for lessons 
also made it to the list for both levels. Secondary Four/Five students wanted easy-to-
understand notes for lessons to help them to prepare for national examinations while 
Secondary One students also wanted to see better student-teacher relationships. 
Teachers should continue to do whatever they can to make Science enjoyable for 
students (e.g. by incorporating more computer usage into lessons). Teachers teaching 
lower Secondary levels should build stronger teacher-student interpersonal 
relationships while those teaching upper Secondary levels could provide more 
teacher support by providing some easy-to-understand notes or showing videos that 
make understanding easier. 
Finding 33: 
Regarding workload, 73.8% of Secondary One students and 67.1% of Secondary 
Four/Five students found their load manageable, while 14.8% of Secondary One 
students and 24.8% of Secondary Four/Five students found their load heavy. With 
regards to free time, the percentages of students without free time on weekends were 
still considerably high for both levels, namely, 16.3% for Secondary One students 
and 20.2% for Secondary Four/Five students. 
Most students still had time to do what they liked even on weekdays. For some, free 
time on weekdays was possible because there were no Co-Curricular Activities 
(CCAs) or remedial lessons in the afternoons. Conversely, students from both levels 
cited the large amount of homework, going for remedial lessons and CCAs, and the 
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need to go for private tuition as the reasons why they did not have free time on 
weekdays.  
For weekends, most students from both levels had time for their hobbies and their 
families. However, there were more responses from students about having to go for 
private tuition. Nine students had to go for extra enrichment lessons like ballet and 
music classes. 
Although around 70% of students find their school load manageable, 16% of students 
do not have free time even on weekends and at least 15% of students find their 
school load heavy.  
Schools should refrain from holding any additional remedial lessons for students, 
especially on weekends.  
Finding 34: 
To gain insight into students’ views of school, both levels were asked about their 
opinions on school in general. 86.2% of Secondary One students and 82.9% of 
Secondary Four/Five students indicated that they liked school, despite being in a 
results-oriented environment.  
Friends ranked highest with the most responses for both levels focussing on why they 
still liked school. Both levels also liked school because lessons were enjoyable on the 
whole and they liked the opportunity to learn, pointing to the importance of lesson 
enjoyment not only for their attitude towards the subject or, but also for their attitude 
towards school.  
Although the vast majority of students indicated that they liked school, showing that 
it is possible to enjoy school despite being in a results-oriented environment, we 
should not forget about the 15.5% of students who indicated otherwise.  
Finding 35: 
For the substantial 15.5% of students who did not like school, the reasons for this 
varied between the two levels, with stress ranking first for the Secondary One level 
and boredom ranking first for the Secondary Four/Five level. Adverse relationships 
with teachers made it up the list not just for the Secondary One level, but also for the 
Secondary Four/Five level.  
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Unfavourable comments on school were rather disparate also, with the highest 
ranking comment for Secondary One students being the long school hours, while that 
for Secondary Four/Five students was that school facilities could be improved (e.g. 
having air-conditioners instead of fans). Although not the ranked highest, poor 
teacher-student interpersonal relationship ranked third for the Secondary One 
students and fourth for the Secondary Four/Five students, showing the importance of 
good teacher-student interpersonal relationship for students’ attitude towards school. 
These findings show that stress is indeed an issue that cannot be ignored. While 
teachers cannot do much to reduce the syllabus or the length of schooling hours, 
building strong teacher-student relationships would help students to cope with the 
stressful environment. Meanwhile, senior administrators need to ensure that 
schooling hours are capped and kept to a healthy maximum. 
5.3.6 Conclusion 
I would like to conclude by highlighting and reiterating some of the pertinent results 
from the 35 findings listed in the preceding sections. 
The findings revealed that students are happy in their current Science learning 
environments, with slightly better results obtained for the graduating students in the 
Secondary Four/Five level. Combining findings from the qualitative component, 
when students were asked to elaborate why they liked Science, both levels wrote that 
they liked Science because it was fun and interesting, and that they liked learning 
new and useful knowledge. Students also wrote that they liked Science because there 
were lots of experiments to do. Integrated findings also indicated good teacher-
student interactions and that students had favourable attitudes towards Science. 
These integrated findings from all three instruments are positive indications that 
students are able to enjoy Science in a neighbourhood Secondary school in Singapore 
despite our emphasis on results. Results from my study shows that enjoying Science 
in a neighbourhood Secondary school in Singapore need not be an oxymoron. 
Having said this, the findings from this study revealed some areas of concern that 
require our attention. First, findings for Research Question 6 revealed that only 
68.4% of Secondary One students and 68.9% of Secondary Four/Five students 
enjoyed Science. Secondly, there were a number of significant differences found 
between the actual means and the preferred means for the WIHIC, revealing that, 
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although the current Science learning environments are favourable, the students 
could be happier.  
In particular, the mean for the Investigation scale was lowest for both the levels, 
indicating that opportunities for students to carry out investigation should be given 
even more emphasis in Science lessons. Teachers could also provide more 
opportunities for discussions in class and slow down the pace of lessons so that 
students can take time to enjoy the process of learning. Findings also revealed that it 
is important to build strong student-teacher interpersonal relationships, especially at 
the Lower Secondary level. Besides this, teachers could slow down a little during 
lessons to show more personal interest in their students. 
Next, findings revealed that teachers from both levels also had the tendency not to 
give opportunities for students to assume personal responsibilities. This is an 
important area of concern because teachers need to provide students with 
opportunities to learn how to be responsible for their own learning. Developing 
students in this area would help them become successful lifelong learners who keep 
learning long after they graduate from school. People must first learn how to be self-
regulated learners in school before they can develop to become self-directed life-long 
learners of the future. From my study, giving students greater responsibility resulted 
in better attitudes towards the subject. 
With regard to another aspect of students’ attitudes, namely, academic efficacy, 
findings revealed that students did not feel confident about their ability to do well for 
Science. This is another important area of concern because academic efficacy has a 
direct impact not only on students’ performance in the subject, but also on the other 
components of attitudes, namely, attitudes towards the subject per se. Results 
showed that the Task Orientation scale had a triple effect, affecting not only Attitude 
towards the subject and achievement, but also academic efficacy. From my study, the 
other contributor was Involvement. Thus, by providing more opportunity for 
students’ involvement and by encouraging more student engagement in tasks, all 
three areas of academic efficacy, achievement and attitude towards the subject would 
be enhanced. 
Besides this, there were also significant positive correlations between the cooperative 
scales of teacher behaviour and the attitude to Science and academic efficacy scales. 
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Therefore, although findings revealed that students tend to do better in examinations 
when teachers are strict and demanding, there must be a balance between this 
behaviour and more cooperative behaviours. This is because more cooperative 
teacher behaviours have a positive effect on students’ attitudes to Science and 
academic efficacy, which are just as important in learning. 
The qualitative component in Research Question 6 also revealed some other pertinent 
areas of concern. First, results pointed to the importance of lesson enjoyment not 
only for students’ attitude towards the subject, but also for their attitude towards 
school. Next, to help to make lessons more enjoyable, teachers should continue to 
provide more opportunities for students to do experiments in Science lessons and 
incorporate more computer usage into lessons, because such activities help to make 
Science more enjoyable. Teachers should try to make Science as easy to understand 
as possible, especially during the transitional stage when students move from 
Primary school to Secondary school.  
Teachers teaching Lower Secondary levels should give emphasis to building stronger 
teacher-student interpersonal relationships, while those teaching Upper Secondary 
levels could provide more teacher support by providing more easy-to-understand 
notes. 
Although around 70% of students find their school load manageable, 16% of students 
do not have free time even on weekends and at least 15% of students find their 
school load heavy. Although the vast majority of students indicated that they liked 
school, showing that it is possible to enjoy school despite being in a results-oriented 
environment, we should not forget about the students who indicated otherwise.  
What can we do to help the substantial rest of the 15.5% of students who do not like 
school? Top on the list of reasons why these students disliked school at both levels 
was stress. Stress is indeed an issue that cannot be ignored. I am reminded of the 
story of the frog frolicking happily in a pot of soup that was gradually being boiled. 
The happy frog was totally unaware of the danger that it was in. Likewise, stress that 
is unbridled is a silent killer.  
What can teachers do? Results point to the importance of good teacher-student 
interpersonal relationships for students’ attitude towards school. While teachers 
cannot do much to reduce the syllabus or reduce the length of schooling hours, the 
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findings in this study suggest that building strong teacher-student relationships can 
help students to cope with the stressful environment. In addition, teachers should 
refrain from holding any additional remedial lessons for students, especially on 
weekends. 
What can school management do? Long school hours was top in the list of reasons 
why Secondary One students disliked school. School teachers can do nothing about 
this. However, it is within the powers of school leaders to do something about this. 
School management can ensure that schooling hours are capped and kept to a healthy 
maximum. While many initiatives and programmes are beneficial in raising 
achievement scores, there should be a restraint to these activities. Only by doing so 
can more intangible benefits, like more family time and more personal rest time, be 
reaped. Even if not for personal rest time, a lot of creative ideas are generated in 
these ‘empty’ spaces. School leaders should also build strong school cultures with 
positive school climates in which teachers and students feel valued and happy.  
 
5.4 LIMITATIONS OF THE STUDY 
My original ambition was to see if our students were still able to enjoy the process of 
learning in our achievement-oriented education system. However, as this aspiration 
encompassed a broad and wide spectrum that would make it difficult to carry out in 
my study, I narrowed down my scope to encompass only one subject and only two 
secondary school settings. 
Having narrowed down the scope to make the study even more feasible, only two 
schools were used for data collection - the school before my transfer for the pilot test 
collection and the school after my transfer for the actual data collection proper.  
Although both of the schools involved are neighbourhood Secondary schools situated 
in HDB estates, I noticed a difference in school management style and school culture 
between the two neighbourhood schools. There was much greater emphasis on 
results in the first school where the pilot testing was carried out; for example, there 
were longer remedial lessons during school vacations, there was implementation of 
night study sessions, and school management questioned teachers who did not sign 
up for slots to give remedial lessons in the holidays.  
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There are currently 68 Secondary schools in Singapore (MOE, 2014), each with its 
own school management and culture. The small sample size that comes with the 
selection of only one school for data collection made it difficult for my findings to be 
generalised to the entire secondary student population in a neighbourhood school in 
Singapore. For the graduating level, 274 students consented to participate in this 
study and, for the Secondary One students entering the school, 238 students 
consented to participate. Of these, there were participants who stopped halfway 
through the data collection, further reducing the already small sample pool. 
Even though every effort was made to take care that background variables did not 
come into play in the study, there nevertheless could be some that could prevent the 
generalizations of some of the findings to a wider context (e.g. the findings may not 
necessarily be transferred to learning environments of other subjects). 
In addition, findings of the research would have been more accurate if a longitudinal 
study was conducted instead. To start off with, we could already see some 
differences between the two levels of students from their attitudes towards Science. 
In their responses to whether they liked Primary School Science, only 66.8% of 
Secondary Four/Five students said that they enjoyed Science in Primary school, 
compared to 82.0% of Secondary One students. However, a longitudinal study using 
the same batch of students was not carried out because this would have involved 
waiting for another three years before data collection for the Secondary One students 
to reach Secondary Four for Express students or four years to reach Secondary Five 
for NA students. 
 
5.5 RECOMMENDATIONS FOR FURTHER RESEARCH 
In the previous section, a few limitations of this study were discussed. These 
limitations lead to the need for further research.    
To address the small sample size that was available with the selection of only one 
school for the data collection, future research could be carried out in more 
neighbourhood schools to confirm the findings obtained in this study. In fact, further 
research may be extended to include prestigious schools because enjoying learning in 
these schools is just as important.  
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To address the narrow scope of including only one subject area, future research 
involving other subjects could be carried out.  
On this note, to see if our students are able to enjoy the process of learning in our 
achievement-oriented education system, not only would more schools and more 
subjects need to be encompassed, but different institutional levels should also be 
included, ranging from kindergarten to tertiary levels, because the passion for 
learning is important regardless of education level.  
At the Kindergarten and Primary levels, checks should be incorporated to ensure that 
children are allowed to learn through play so that their innate curiosity may be 
developed and satisfied. In secondary and tertiary levels, checks should be 
introduced so that students learn and study hard for the right reasons. Further 
research that includes all these levels would make it possible for us to obtain a more 
complete understanding of what is happening at all the various stages of education in 
order to better monitor what is happening at the ground level. 
With the luxury of time, further research involving a longitudinal study using the 
same batch of students could be carried out so that other factors can be minimized. 
Results for Research Question 6 revealed that 68.4% of Secondary One students and 
68.9% of Secondary Four/Five students said that they enjoyed Science presently, 
while 82.0% of Secondary One students and 66.8% of Secondary Four/Five students 
said that they enjoyed science in Primary school, indicating that we have very 
different cohorts of students for the two levels.  
On a lesser but important note, although the pilot testing showed that survey fatigue 
was not an issue, it seemed to have occurred during the actual data collection. The 
response rates for some items were as low as 401. With the luxury of time, further 
research could be done so that the data collection involving different questionnaires 
may be carried out on different days, or using a short versions of the WIHIC instead 
for the actual and preferred questionnaires. Further research in this area would reveal 
if the short version would have been more appropriate. 
In addition, although the aim of the pilot testing did not include collecting data for 
analyses, the actual data collection in the second school revealed a difference in 
school management and culture. Further research into associations between the 
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school culture and attitudes, teacher-student interactions and achievement could be 
carried out. 
With regards to instrumentation, although the instruments selected had been 
established in past research, factor analyses could be incorporated in future research. 
Streaming and the effects of streaming seem to be an overlooked area in the local 
education arena. Further research to see if there are any differences in the various 
streams could also be carried out. As Singapore is a multiracial society, further 
research could also be carried out to see if there are differences in perceptions among 
the various different races. 
As I was writing this thesis, two new programmes were introduced during the Work 
Plan Seminar in 2013 (MOE, 2013b). One of the programmes is the Applied 
Learning Programme, which aims to make academic learning authentic, and the other 
one is the Learning for Life Programme, which aims to provide authentic experiential 
learning to develop students’ character and values. These two programmes are 
currently being pilot tested in eight Secondary schools and could soon be introduced 
to all the schools in Singapore, but they were introduced after data collection was 
carried out for this study. With the myriads of changes that have taken place, what is 
happening at the ground level in classrooms in our schools should be studied now to 
see the impact of these new initiatives and in the future as we continue to fine-tune 
our education system. Have these initiatives helped to make school life less stressful 
and more enjoyable for our children? Further research to find out how classroom 
environments are affected after their implementation should be carried out. 
Finally, as we have the infrastructure of a technology rich-environment that many 
countries do not yet have, further research may also be conducted to see if more use 
of technology in the classroom could help to make learning more enjoyable in our 
achievement-oriented environment. Further research could also reveal if the use of 
technology for learning can develop more independent self-regulated learners, which 
is an essential first step towards having lifelong learners. 
 
5.6 FINAL COMMENTS  
When I started this study in 2010, I was aghast to see how our drive for excellence 
and accolades of achievements seemed to be robbing our students of something just 
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as valuable - a carefree and enjoyable childhood. Being in the middle of the rat race, 
I was concerned that our emphasis on achievement might be killing our students’ joy 
for learning.  
I embarked on a study that would help to describe objectively what was happening in 
such results-oriented learning environments. To make my study feasible, the scope 
was narrowed down to encompass only the subject of Science. Some other pertinent 
aspects of the environment such as teacher-student interactions were also studied to 
help to give a more complete picture of what was happening in the classrooms. In 
addition, a qualitative component was added to fill in gaps and triangulate results. 
The results from my study revealed that, despite our high-stress environment that 
comes with an emphasis on achievement, enjoying Science in a Singapore 
neighbourhood Secondary school was not found to be an oxymoron.  
On the contrary, a majority of students seemed happy in their current Science 
learning environments, with slightly better results obtained for the graduating 
students in the Secondary Four/Five level. This indicated that, by the time when 
students left Secondary school, they enjoyed Science more than when they first 
entered. Of course, more accurate results would have been obtained if a longitudinal 
study using the same batch of students had been carried out. 
However, combining findings from the qualitative component, when students were 
asked to elaborate why they liked Science, both levels wrote that they liked Science 
because it was fun and interesting and because they liked learning new and useful 
knowledge. On top of these reasons, students from both levels also wrote that they 
liked Science because there were lots of experiments. The use of ICT and good 
teacher-student relationships also helped to make lessons enjoyable. 
In addition, findings from the qualitative component of my study also confirmed that 
students liked school. Besides good teaching pedagogies and teacher rapport, top and 
middle management in the school play a crucial role in making this possible. In some 
schools, although results are also emphasized, there is better school culture and 
climate. Schools with many good initiatives that often lead to better results may reap 
intangible costs which might only be visible many years down the road. 
As there are only 24 hours in a day, more time spent in school would naturally mean 
less time spent with family, less time for rest and less time for hobbies, or even less 
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time to do simply nothing. Just as there are intangible costs, there are intangible 
benefits or less tangible benefits. The freedom to do simply nothing may sound like a 
luxury in a highly competitive environment, but it has less tanglible benefits such as 
creating white space for creative juices to flow. Such opportunities to do simply 
nothing also allows our bodies to recuperate and recharge which is beneficial to both 
mental as well as physical health.  
As intangible benefits are not usually immediately reaped, they are easily sacrificed 
for the more visible immediate benefits, namely, school achievements. Yet it is 
precisely these intangible costs and benefits that have far-reaching implications 
affecting all levels of society, the effects of which are compounded as our population 
ages. 
Only senior management in schools can ensure that competition does not become 
unhealthy and that a healthy balance is maintained. Thus, it is important for school 
leaders to ensure that the school climate remains healthy so that both students and 
teachers can be happy. Happy students are better learners and happy teachers are 
better teachers.  
To me, learning should be fun and enjoyable whenever possible. We do not always 
have to be number one and there are finer things that life has to offer which are just 
as important. We must learn to take time to smell the roses. After all, the nation that 
had ranked first in terms of quality in its education system seemed to have achieved 
their good records without the stress that marks an achievement-oriented education 
system. It would be wonderful if we could achieve our outstanding results likewise, 
and without so much stress.  
One important way to reduce stress is to reduce class size. The class size in a typical 
Secondary classroom is still large, easily hovering around 40 students per class. A 
number of neighbourhood schools were recently merged, thereby freeing and 
creating a number of ‘excess’ teachers. This is now the perfect time for class size to 
be reduced. A first-world nation should be able to have smaller teacher-students ratio. 
Another important way to make school less stressful would be to incorporate 
alternative forms of assessments. Not only do they tend to make assessment more 
authentic, these less-stressful forms of assessment can also make learning more 
meaningful to our students. Self-assessment and keeping study logs give 
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opportunities for students to develop the capacity to be self-reflective and critical, 
which are attributes that are just as important for work in the 21st century. Promoting 
alternative forms of assessment ‘for learning’ and ‘as learning’ would be an 
important step towards preparing our students for learning throughout their lives long 
after graduation.  
To cultivate lifelong learning in our students, it is important to cultivate students who 
enjoy learning. Only then would we have passionate learners who will grow up to be 
independent, self-motivated lifelong learners.  
Like Prime Minister Lee Hsien Loong mentioned, Singapore’s success came at a cost 
(CNA, 2014b). One important reason cited by Singaporeans emigrating out of 
Singapore is the stressful education system in Singapore. Unlike what happened in 
the Transportation sector, we should not depend only on 20-20 hindsight vision to 
address this pressing issue in Education. Do our students enjoy learning? Will our 
students continue to enjoy learning? Classroom dynamics in our schools need to be 
constantly monitored objectively to see what is happening in our results-oriented 
learning environments. Only then can we ensure that it is in a healthy balance. 
I started the thesis with a quote from Prof Barry Fraser, and I would like to end it 
with the same quote. With the plethora of programmes that are developed with good 
intentions, what truly happens in the classrooms still remains the most important. 
 
It is the quality of life lived out in classrooms 
that determines many of the things we hope 
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